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CHANGES IN THE ARTICULAR SURFACES IN 


TUBERCULOUS AND IN PYOGENIC 
INFECTIONS OF JOINTS* 


CAGO, 


( YOMPARATIVELY little work has 
been done upon the pathology of tuber- 
culous and pyogenic arthritides since the 
introduction of the roentgen ray. It Is to 
writings based on work on joint pathology 
which antedate this diagnostic agent that 
the roentgenologist turns for help in the 
interpretation of the changes shown in 


D. B. PHEMISTER, M.D. 


ILLINOIS 


effect of proteolytic ferments injected into 
tuberculous joints has been observed by 
Baetzner and others, no one has published 
studies of the effects on articular cartilage 
of the exudates in tuberculous and pyo- 
genic infections. The differences in order 
and time of disappearance of articular 


cartilage in tuberculous and pyogenic 
the roentgenogram. New methods are now _ joints is explained to some extent by the 
available, by which the joint changes may difference in action of the two types of 
be determined and interpreted in greater exudates. 
detail. One of these is roentgenography In giving the order of destruction of 
itself, which has become a means for more articular cartilage in tuberculous and pyo- i 


easily detecting proliferative, absorptive 
and atrophic changes at any stage in the 
course of the disease and for locating areas 
to be chosen for special pathological 
studies. Another method is the study of 
the processes of destruction of necrotic 
tissue in pyogenic and tuberculous infec- 
tions. It has long been known that necrotic 
tissue In pyogenic infection is broken down 
mainly by proteolytic ferments derived 
from the polymorphonuclear leucocytes 
which accumulate in the infected field. 
However, more recent researches. of 
Edward Miiller,! Jochmann,? and others 
have shown that comparatively little of 
the tissue that becomes necrotic in tuber- 
culosis is destroyed by the action of pro- 
teolytic ferments, since the leucocyte 
youred out in tuberculosis is mainly the 
which liberates proteo- 
lytic ferments. While the therapeutic 


* Read at the Twenty-fourth Annual Meeting 


genic arthritides, it is generally stated In 
texts on pathology and surgery that in 
both conditions the cartilage breaks down 
first and most extensively at the points of 
contact and pressure of the opposing artic- 
ular surfaces. This statement is found in 
Kaufmann’s Lehrbuch der pathologischen 
Anatomie, 7th and 8th edition, page 983, 
and in Lexer’s Allgemeine Chirurgie, roth 
and 11th edition, vol. 1, page 405. Murphy 
emphasized it in his clinics, and advocated 
extension in both conditions for preventing 
destruction of articular cartilage. It is 
also generally stated that the destruction 
extends from the points of contact to the 
free surface, where it occurs in varying 
amounts, according to the degree and dura- 
tion of the infection. On pathological 
examination of specimens of pyogenic and 
tuberculous joints, I have observed that 
this rule holds for pyogenic arthritis, but 
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that it does not hold for tuberculous 
arthritis. In fact, in the latter just the 
opposite is true, namely, that in joints 
with both free and contacted surfaces, as a 
rule articular cartilage is destroyed first 
at points where it is unapposed and not 
pressed upon by cartilage, and that it is 
best protected and often stands longest 
at the points of contact and greatest pres- 
sure in the joint. These observations ft e 
been made mainly in adults and on the 
knee joint, where conditions for studying 
the effects of pressure and absence of pres- 
sure are most favorable. However, the 
generalizations which have been deduced 
hold to a variable extent for other joints 
and in children. The older the child, the 
more nearly conditions approach those 
found in the adult. Koenig*® in his last 
publication on tuberculous joints described 
accurately the order of disappearance of 
cartilage in the knee, but he did not 
formulate any rules pertaining to the 
order and manner of destruction of artic- 
ular cartilage in general nor for all joints, 
nor did he properly describe and inter- 
pret the bony invasion which may occur. 

In both tuberculous and pyogenic arthri- 
tis the articular cartilage is involved only 
secondarily, the infection being primary 
in either the bone or the synovial lining. 

In acute pyogenic arthritis, the toxic 
influence reaches its maximum early in 
the disease. In mild cases the articular 
cartilage may not be affected, but in 
severe cases the toxic influence is sufficient 
to kill the cartilage, and it is generally 
killed first and most extensively at the 
points of contact and pressure of opposing 
articular surfaces. This is no doubt because 
of the less favorable conditions for nutri- 


tion produced by pressure. The amount of 


death and destruction of cartilage on the 
surfaces that are not pressed upon by 
opposing cartilage varies with the severity 
of the infection. In some instances it Is 
slight, and in others, where the infection 
is particularly severe, the entire articular 
cartilage may be killed. 

The cartilage that is killed is usually 
removed in a comparatively short time. 
It is broken down partly by the absorptive 
action of granulation tissue, partly by the 
erosive action of opposing articular sur- 


Joint Infections 


faces upon each other, and partly by the 
digestive action of proteolytic ferments in 
the exudate of the joint, which are derived 
very largely from the polymorphonuclear 
leucocytes and to a slight extent from 
broken down bacteria. Destruction of 
cartilage by erosion occurs only at the 
points of pressure in the joint, while 
destruction by the action of granulation 
tissue and of proteolytic ferments in the 
exudate occurs wherever cartilage ts dead. 
If the cartilage is killed in its entire thick- 
ness, granulations will form beneath its 
surface of attachment and may rapidly 
detach it by the absorption of both carti- 
lage and cortex of bone. Where infection 
is severe, much of the articular cartilage 
may be found thinned and partly or 
wholly detached at the end of two or three 
weeks. Where superficial portions only 
have been killed, the dead cartilage is 
apt to be removed by digestion. The con- 
ditions for removal by granulations are 
in that case less favorable, and it ts only 
in the unopposed regions, where there may 
be overgrowth from the margins, that they 
aid in the process of destruction. 

Changes in the bone bordering on the 
articular surfaces vary according to the 
point of primary infection. If the lesion 
Is a primary arthritis, it is rare that the 
infection invades the bony ends sufficiently 
deeply and extensively to produce necrosis 
followed by sequestration. When the infec- 
tion Is primary in the bone, with spread 
into the epiphysis and joint, necrosis and 
sequestration of bone bordering on the 
articular surface are not uncommon. In 
infected penetrating wounds with joint 
fracture, necrosis of bony fragments bor- 
dering on the articular surface occurs fre- 


quently. When a considerable mass of 


bone underlying and including the artic- 
ular cortex becomes necrotic, the attached 
cartilage always dies and is subsequently 
destroyed. The destruction is produced 
mainly by the action of proteolytic fer- 
ments in the joint, as the granulations do 
not penetrate the dead bone and con- 
sequently cannot readily get at the dead 
cartilage. When destroyed by proteolytic 
action, the cartilage usually disappears in 
from a few days to two weeks. The bony 
articular cortex on a sequestrum is nearly 
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always preserved, while that in the regions 
of complete destruction of articular carti- 
lage without death of a portion of bone 


55°C., so that bacterial action is suspended 
and proteolytic action augmented, the 
cartilage will be completely digested in a 


MA, 


La 


Cartilage digestion experiment with pyogenic and tuberculous pus. 
underlying cortex is nearly always de- 
stroyed, due to the action of granulations, 
which break down the latter in an endea- 


few hours (Fig. 1). This shows the marked 
prevalence of digestive ferments in pyo- 
genic inflammatory areas. 


Fic. 2. Osteomyelitis of right femur with necrosis of upper part of head and suppurative arthritis nar- 


rowing cartilage space of joint from cartilage digestion, before signs of bone absorption appear in 
roentgenogram. 


vor to sequestrate and absorb the dead 


Figure 2 shows the hip joints eighteen 
cartilage. 


days after the onset of osteomyelitis of 
the upper end of the right femur, involving 
head and neck, killing the upper three- 
fifths of the head and making a suppura- 


If articular cartilage, immersed in pus 
produced by any of the pyogenic organ- 
isms, is incubated at a temperature of 
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tive coxitis. The only roentgenographic 
change is the narrowing of the cartilage 
space of the upper part of the joint, which 
is due to the disappearance from proteo- 
lytic action of cartilage on the necrotic 
portion of head. Figure 3 shows the condi- 
tion two months later, with the cartilage 
space of the joint obliterated, due to dis- 
appearance of cartilage on both sides of 
the joint. The necrotic portion of the head 
has been sequestrated, but possesses its 
articular cortex intact and casts a heavier 
shadow than the adjacent bone, which in 
the femur shows marked absorption from 
the osteomyelitis and in the illum shows 


Fic. 3. Roentgenogram taken 62 days after that shown 
in Figure 2. Head (a) sequestrated and denser than 
surrounding atrophied and absorbed bone. Shadow of 
articular cortex preserved on  sequestrum, but 
destroyed elsewhere in joint. 


atrophy. Figure 4 is a photograph of the 
excised sequestrum from the head, showing 
the articular cortex intact. Articular cortex 
as well as cartilage on the living bone bor- 
dering on the joint, namely, on acetabulum 
and the rest of the head, had been destroved. 

Where articular cartilage has not been 
destroyed, or where the destruction has 
been only in the superficial portions, the 
bony cortex will be preserved, although it 
may be reduced in thickness and density 
as a result of absorption from the inflam- 
matory reaction. Invasion and absorp- 
tion of bone about the margins of the 
articular cortex is usually slight or absent 
in pyogenic arthritis. 


Articular Surfaces 
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Changes occur to about the same degree 
in the articular cartilage and in the cor- 
tical bone on both sides of the joint, unless 
the infection ts primary in the bone of one 
side. If there ts breaking down of carti- 
lage on one side, it breaks down on the 
other, and if it is destroyed in its entire 
thickness on one side, it 1s usually simi- 
larly destroved on the other. 

Reparatiy e changes where cartilage has 
been destroyed are brought about mainly 
by granulation tissue, as cartilage possesses 
little tendency to proliferate. Where carti- 
lage has been destroyed superficially, 
granulations may eventually grow over 
from the sides and be transformed into a 
laver of fibrocartilage 
to fibrous ankylosis. 
thickness of cartilage 
on both sides of the 


This predisposes 
Where the entire 


has been destroved 
joint, 


eranulations 


Fic. 4. Photograph of sequestrum shown tn Figure 
Attachment of round ligament at (a). 


grow out from the underlying bone on 
the two sides. Fusion takes place, fibro- 
cartilage forms along the line of junction, 
and ossification usually proceeds into the 


zone of fibrocartilage from both sides, 
leading eventually, in the majority of 


cases, to bony ankylosis, as described by 
Allison and Brooks.* In the exceptional 
cases where an area of cartilage is destroyed 
at the point of pressure on only one side of 
the joint, repair may occur with the preser- 

vation of motion. New connective tissue or 
fibrocartilage will grow out from the bone, 
covering the denuded surface, and may 
grow over onto the surface of the surround- 


ing articular cartilage if it has been 
damaged superficially. Ossification may 


occur in its deeper portions and may 


} 
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Changes in Articular 
extend out into its margins, which over- 
lap the surrounding cartilage, producing 
the exceptional condition of osteocarti- 
laginous lipping on the articular surface. 
Figure 5 shows the roentgenogram of a 
knee one and one-half vears after an acute 
seropurulent arthritis. There is a disc- 
shaped bony shadow interposed in carti- 
lage space of the joint between either con- 
dyle and tuberosity. Examination of the 
specimens obtained by resection to estab- 
lish ankylosis of the knee 


show ed cart 


Surfaces 


Joint Infections 


Repair where articular cartilage has been 
infected at its margins takes place by the 
formation of fibrocartil. age, which, if exten- 
sive, may ossify in Its deeper portions and 
produce marginal lipping. However, mar- 
ginal lipping may not follow acute pyo- 
genic arthritis with destruction of articular 
cartilage; it is more characteristic of sub- 
acute or chronic arthritis of the proliferat- 
ing type, in which cartilage destruction 
is slight and fibrocartilage proliferation 1s 
more marked. 


ric. 
cartilage of femur, 


arthritis with over 
casting 


Healed seropurule nt 


lage covering the articular surfaces of the 
tibia, but cartilage had been destroyed at 
the points of pressure on the surface of 
the condyles of the femur and the repara- 
tive tissue from the underlying bone had 
overgrown the margins and ossified on 
the surface of the articular cartilage, pro- 
ducing a ridge of bone about the margin 
of the area where cartilage had been 
destroyed on the articular surface (Fig. 6). 


This overlying bone cast the disc-like 
shadow seen in the roentgenogram. If 


articular surfaces are destroyed and heal- 
ing occurs without ankylosis, the reformed 


surfaces are apt to be irregular and dis- 
torted, with sclerosis of underlying bone 


and lipping about the margins of the joint. 


growth and ossification of reparative tissue on 
a shadow in the cartilage space between either condyle 


articular 
and tuberosity. 


In short, acute pyogenic infection, if 
severe, destroys articular cartilage most 
extensively at the points of contact and 
pressure in the joint, and, when the de- 
struction is of its entire thickness and 1 
bilateral, there is a marked tendency for a 
bony bridge to form across the joint at 
these points. When the destruction is par- 
tial and mobility is retained, uneven and 


sclerosed articular cortex or marginal 
lipping is apt to be the result. Chronic 


arthritis stimulates fibrocartilage forma- 
tion about the margins of the articular 
cartilage, which fibrocartilage undergoes 
ossification and produces marginal lipping. 
In chronic arthritis the articular cartilage 
gradually becomes damaged and erosion 


| 
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occurs at the points of contact and pres- 
sure, which may eventually lead to com- 
plete destruction of the laver of cartilage 
in these regions. The underlying bone then 
becomes sclerotic. In some instances gran- 
ulations may develop in the subchondral 
bone, producing various sized pockets by 
bone absorption. 


Fic. 6. Saggital section through external condyle of 
femur in Figure 5, showing articular cartilage 
destroyed at lowest point with overgrowth and 
ossitication of the reparative tissue on the surround- 
ing articular cartilage. 


CHANGES IN THE ARTICULAR SURFACES 
IN TUBERCULOUS ARTHRITIS 


In tuberculous arthritis the 
primary infection is either in the bone or 
in the synovial lining, and the articular 
cartilage becomes involved only second- 
arily. The inflammatory process is mild at 
the onset and is rarely sufficiently severe 
to kill articular cartilage en masse. Tuber- 
culous synovitis is set up and the earliest 
death and absorption of articular cartilage 
take — by the action of tuberculous 


granulations growing in direct contact 
with They attack the living cartilage 


where they can get first at it, namely along 
its free surfaces, where it is unopposed by 
articular cartilage and about its margins. 
At a later stage of the disease, granulations 
may develop subchondrally in the bone 


and lead to gradual absorption of 
bony articular cortex and of cartilage. 


The subchondral granulations consist of 


capillaries and fibroblasts with a variable 
amount of round cell infiltration, but epi- 


thelioid and giant cells are not seen. 
Polymorphonuclear leucocytes may be 
fairly numerous in the capillary tufts 
which invade and absorb the cartilage. 


The reason for the appearance of these 
non-tuberculous granulations is not defi- 
nitely known; however, I have observed 
that the cartilage shows signs of degenera- 


Articular Surfaces 


point of 
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tion, particularly along its free surface, in 
regions where subchondr: al granulations are 
developing, while it Is usually normal | 


appearance where they are absent. This 
suggests that the cartilage may be killed 


by the toxins in the joint without invasion 
of the subchondral region by tubercle 
bacilli and that nonspecific granulations 
form to absorb and sequestrate ‘the necrotic 
portions. In instances a_ variable 
amount of undermining ts produced about 
the periphery by subchondral invasion ot 
typical tuberculous granulations from the 
surrounding synovia. Since, in the early 
the articular cartilage 
is killed and destroyed by the direct 
attack of tuberculous granulations, the 
cartilage disappears first along the sur- 
faces that are not pressed upon by opposing 

articular cartilage. This is because the 
free surfaces are accessible to direct attack 
by granulations, while the opposed sur- 
faces are not. In case of the knee joint, 
where marked limitation of motion develops 
comparatively early, the free articular sur- 
faces on the femur are located posteriorly 
on the condyles and anteriorly between the 
points of contact with patella above and 
tuberosities of the tibia below. Tubercu- 
lous granulations grow over onto the free 
surfaces of the condyles anteriorly between 
the patella above and the points of contact 
with the tibia below in the shape of a 
pannus, as described by Koenig.’ Granu- 
lations coming from the mesial and lateral 
margins fuse with those coming from the 
svynovia of the intercondylar region. These 
may fuse with the granulations of the 
synovial lining in front and partition the 
joint into three compartments. Figure 7 
is a photograph of parts of a knee, which 
had been resected for tuberculosis of one 
vear’s duration. Articular cartilage on the 
femur is free and preserved at the points 
of contact of patella and the tibial tuberosi- 
ties, but between these points it is covered 
by tuberculous granulations which have 
grown in from the sides and out from the 
synovia of the intercondylar region and 
have extensively destroyed the cartilage. 
The patella shows only marginal destruc 
tion of cartilage. The articular cartilage 


some 


stages of disease, 


of the tibia is well protected from surface 
attack of granulations by its contact with 


| 
«* 
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semilunar cartilages and condyles, but 
there is beginning marginal erosion in 
some places. 

} The cartilage in the regions free from 
| contact with opposing cartilage is gradu- 
ally destroyed along its 
} grooves are eaten into it. In from a 
months to two years the entire thickness 
of cartilage may be destroyed and the 
cortex of bone to which it was attached may 
be partially or completely broken down. 
: In these regions it is only after granu- 
lations have destroyed the cortical bone 


and 
lew 


surfaces 


that roentgenographic evidences of local 
destruction can be made out. The articular 

cartilage on both sides of the joint at the 
points of contact of patella with femur and 
of tuberosities with condyles is usually 
still free of surface destruction up to the 

time when it is almost completely de- 

j 

Fic. 7. Tuberculosis of knee, showing articular « reat 
preserved on (a) femur, (b) tibia, and (c) patell t 
points of contact. The unopposed surface on temu! 
between patella ind tuberosities Is covered D\ 


tuberculous granulations eroding cartilage. M 


patell 


rginal 


erosion of cartilage on 


8). However, marginal absorption has usu- 
ally taken place as the result of the in- 
growth of granulations, so that the islands 
of cartilage are gradually reduced in size. 
Granulations may develop in the sub- 
chondral regions of these areas and gradu- 
ally absorb the articular cortex, thereby 
loosening the attachment of the cartilage 
and thinning it from beneath. The mar- 
ginal destruction of cartilage may, how- 
ever, continue until the islands at the 
points of contact are reduced to very 


stroyed on the unopposed surfaces (Fi 
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ca rtilage 


small size and still the may 
remain alive, firmly attached and_ pre- 
served in its entire thickness. In the knee, 
cartilage is often preserved longer and less 
undermined on the lateral condyle and 
tuberosity than on the mesial, because 
the lateral is the point of greatest pressure 
in the joint. Whatever happens on one 
side of the joint usually happens on the 
other. If the cartilage remains attached 
and alive, or if it becomes detached and 
dies on one side of the joint, the same con- 
dition obtains at the points directly oppo- 


Fic. 8. Tuberculosis of knee of two and one-half years’ 
duration. Articular cartilage preserved where tuber- 
osities and patella come in contact with femur, but 
destroyed in the unopposed regions. Cartilage under- 
mined and detached over mesial condyle and tuber- 
osity (a), but attached and alive on lateral condyle 
and tuberosity (6), and in patellar region (« 


site. Islands of undermined and detached 
cartilage may remain free in the joint for 
months without being destroyed and may 
in this way preserve almost the normal 
width of the cartilage space of the joint. 
Because of the absence of proteolytic fer- 
ments in the tuberculous exudate in the 
joint, the detached or dead cartilage is 
not rapidly digested and removed, as Is 
the case with dead cartilage in pyogenic 
arthritis. Cartilage immersed in tubercu- 
lous pus and incubated at 55°C. will show 


7 
4 
a 


8 Changes in Articular Surfaces 


no signs of digestion at the end of several 
days. Tuberculous pus ts rapidly coagula- 
ted by heat, since the absence of digestiy e 
ferments leaves it rich in albuminous 
substances. It gradually dries up after 


days of incubation and the cartilage 
remains practically unreduced in_ size 
(Fig. 1). 


If weight is borne upon the limb, the 
detached cartilage may be broken down 
by erosion, but at this late stage of the 
disease the limb its usually not used in 
walking, and tn that case the only destruc- 


Fic. 9. Lateral roentgenogram of joint in Figure &, 
showing shadow of articular cortex preserved on 
lateral condyle and tuberosity and in patellar region, 
but destroyed elsewhere. Cartilage space of normal 
thickness between patella and femur and between 
lateral tuberosity and condyle. 


tion is produced by the granulations, which 
destroy the cartilage slowly after it Is 
once detached. Figure 8 shows the articu- 
lar surfaces of a knee which had been 
resected for tuberculosis of two and one- 
half years’ standing. Cartilage is attached 
and preserved on the central portions of 
the surfaces of contact of patella with 
femur and of external condyle with tuber- 
osity, while it is undermined, detached 
and largely preserved on the internal con- 
dyle and tuberosity. It has been destroyed 
everywhere in the joint except at these 
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regions of contact and pressure, and the 
also show marginal absorption. In Figure 
9 the roentgenogram shows cartilage space 
and articular cortex preserved at points 
of contact on external condyle and tuber- 
osity and on patella and opposing femur, 
with shadows of articular cortex absen 
elsewhere. 

After cartilage has been extensively 
detached, the tuberculous process not 
infrequently, invades the ends of the bones, 
producing more or less extensive areas of 


Fic. 10. Tuberculous coxitis of three years’ duration, 
with “‘kissing sequestra’’ in acetabulum and head 
at point of greatest pressure in joint. Articular 
cortex preserved on sequestra, but cartilage spac« 
obliterated between them. Elsewhere in joint bot! 
ticular cortex and cartilage space have been 
obliterated. 


necrosis. This is frequently at the most 
prominent points of contact and pressure 
in the joint, as of condyle with tuberosity. 
The invasion may occur either before o1 
after the complete destruction of cartilage 
at these points. If the bone is invaded on 
one side of the joint, it is frequently in- 
vaded on the opposite side, but, in case of 
the knee, if one side only is affected, it is 
more apt to be the condyle of the femur. 
If the invasion occurs before the destruc- 
tion of articular cartilage, an irregular, 
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low, cone shaped area of bone and over- 
lying cartilage is killed in the condyle of 
the femur and perhaps in the opposed 
tuberosity of the tibia. When articular 
cartilage is destroyed and living bon, 
surfaces come together, both cortical and 
subcortical sclerosis may result from fric- 
tion between surfaces, if weight is borne 
on the limb. This may be followed by 
invasion and necrosis of the = sclerosed 
bone. This accounts for the rare condition 
of actually sclerosed sequestra. A line of 
demarcation usually forms gradually be- 
tween the dead and liy ing bone, so that the 
dead portion IS sequestrated. Occasionally 
all of the dead bone is absorbed, leaving a 
depression on the articular surface. If bone 
has been killed on opposite sides of the 
joint, “kissing sequestra”’ will be found. | 
have seen seven instances of “kissing 
sequestra”’ in examining a comparativel 
small number of resected joints, six 
being in the knee and one in the hip 
Fig IO). 

Figure 10 Is a roentgenogram taken 
three vears after the onset of tuberculous 
coxitis. At the top, which is the point ol 
yreatest pressure in the joint, there Is a 
dense area in the head and one opposite 
it in the illum. Each is surrounded by a 
zone of demarcation and each has its 
articular cortex preserved. The shadow of 
artic ilar cortex is gone in the rest of the 
joint. At operation by Dr. Ryerson two 
“kissing sequestra”’ were found at the 
dense areas, with the articular bony cor- 
tex preserved on each and a thin laver of 
cartilage present on much of the seques- 
trum from the head (Fig. 11). On micro- 
scopic examination little sign of atrophy 
was found in the dead bone, which ts 
evidence that bony invasion on the two 
sides occurred fairly early in the disease. 
The surrounding living bone had sub- 
sequently undergone marked atrophy. 
There was extensive caseous tuberculosis 
in the joint, and the articular cartilage 
and bony surfaces outside of the regions 
of the sequestra were completely broken 
down. The tuberculous process usually 
results later in still greater atrophy of 
disuse in the surrounding living bone, while 
the sequestra retain the density which 
they possessed at the time of death of the 
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bone. Consequently the living bone comes 
to possess less density than the sequestra. 

In most joints the articular surfaces are 
curved to fit accurately and In contact in 
almost their entire extent, so that there is 
little chance for growth of granulations 
over free surfaces. This is the case in the 
hip, ankle and many of the smaller joints, 
especially when they are in the extended 
position. In these joints there is much less 
destruction of cartilage from absorption 
along the free surfaces by granulations, and 
the cartilage is destroyed principally by 
undermining, to a less extent by marginal 


Fic. 11. Photograph of “kissing sequestra”’ shown in 
Figure 10. 


absorption. When such joints are opened, it 
is not uncommon to find the dises of ar- 
ticular cartilage detached and the bony 
cortices to which they are attached almost 
or completely destroyed. In such cases the 
presence of the cartilage discs and the sub- 
chondral granulations preserve the carti- 
lage space of the joint in almost its entire 
thickness. 

During the active stage of the disease, 
proliferative changes of appreciable amount 
are not seen in the bone or cartilage along 
the articular surfaces. However, bony 
proliferation along the periosteal surface is 
not uncommon. In children with metaphy- 
seal foci, periosteum about the focus in 
the end of the shaft frequently lays down 
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new bone, which may be_ laminated. 
Lamination formerly considered 
almost pathognomonic of tuberculous infec- 
tion, but we now know that this is not the 
case and that lamination is not infrequent 
in other infections, particularly in local- 
ized pyogenic osteomyelitis. 

In adults irregular periosteal thickening 
is sometimes seen, especially in advanced 
cases, on the epiphysis, and may extend 
for some distance on the end of the shaft. 
This may occur in the absence of fistulas 


and secondary infection by pyogenic 
organisms. 


It is generally supposed that marginal 
lipping does not occur in tuberculosis of 
joints, since it is practically always due to 
the formation and ossification of fibro- 
cartilage at the margins of the articular 
cartilage, and fibrocartilage does not form 
in tuberculosis. Articular cartilage is de- 
stroyed, and this destruction is accom- 
panied by an extremely small amount 
of cartilage proliferation, as shown by 
Schablowski.° 

It should be remembered, however, that 
in mild tuberculous arthritis of long 
standing, particularly where the joint Is 
used, there may be considerable lipping 
about the articular margins. I have recently 
seen this condition twice in tuberculosis 
of the knee in men. In neither case was 
there perforation of the skin with second- 
ary infection. In one case, where the limb 
was used continually and was never immo- 
bilized, there was moderate lipping seen 
roentgenographically in the fifth year and 
extensive lipping in the eighth year from 
the onset, as shown in Figure 16, at which 
time the diagnosis was confirmed by micro- 
scopic examination. In the other case, a 
man of sixty-eight had had the trouble for 
fourteen years, during which time he had 
no treatment and worked continually on 
the limb. The range of motion in the knee 
was about one-fourth normal. The condi- 
tion then became worse and eight months 
later the joint was resected. Articular 
cartilage was extensively eroded, and about 
as much so at the points of contact in the 
joint as elsewhere. This was no doubt related 


to the fact that the limb had been exten- 
sively used. There was marked marginal 


lipping on the femur, moderate on the tibia. 
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Microscopic examination showed that this 
was not due to proliferation and ossifica- 
tion of cartilage at its margins. On the 
contrary, cartilage had been absorbed 
about the margins, and marginal bone had 
proliferated, producing the osteophytes. 
In caseofa healed tuberculous joint with- 
out operation, there ts nearly always either 
very marked restriction of motion or 
ankylosis. The ankylosis is apt to be more 
fibrous than bony. If articular cartilage 
has been completely destroyed and healing 
follows, bony ankylosis is the rule, but 
frequently the disease process is arrested 
before complete destruction of cartilage, 


which markedly favors fibrous ankylosis. 


ROENTGENOGRAPHIC CHANGES IN PYOGENI( 
ARTHRITIS 


The first roentgenographic evidence ot 
change in acute pyogenic arthritis is usu- 
ally slight haziness and distortion of 
shadows, produced by swelling of the soft 
parts. In from one to four weeks after 
onset, depending on the size of the bones of 
the part, evidences of absorption along the 
joint surfaces may be seen. At the same 
time or a little later, reduced density from 
regional atrophy begins to appear. Ab- 
sorption of cartilage alone results in 
narrowing of the cartilage space of the 
joint, while absorption of both cartilage 
and bone results in obliteration of the 
cartilage space and of the shadow cast 
by the bony cortex. Narrowing of cartilage 
space and cortical shadow are 
observed first and most extensively at the 
points of contact and pressure of articular 
surfaces, where the breaking down is most 
extensive. Figure 12 shows a roentgeno- 
gram of a mildly seropurulent streptococcus 
arthritis of seven weeks’ standing, with 
narrowing of cartilage space between con- 
dyles and tuberosities and with 
shadow of bony articular cortex on 
mesial side. 

In severe arthritis the same changes 
observed, 


loss of 


loss of 


the 


are 
but evidences of destruction of 


articular cartilage and of absorption of 
bony articular cortex occur more promptly 
and are more extensive, and the : . 

articular cortex 
regions 


radow of 
may be lost also in the 


where cortex is not subject to 
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pressure. Inv ery severe arthritis with death 
of articular cartilage, the cartilage space of 
the joint may be almost entirely obliterated 
as early as one to two weeks from the onset, 
depending on the size of the joint. If the 
bone on one or both sides of the joint, IS 
extensively involved and a dead area 
borders on the joint, the articular cartilage 
over the dead area will break down rapidly 
from proteolytic action, narrowing the 
cartilage space of the joint, but the 
shadow cast by the articular cortex of the 
dead piece will be preserved (Fig. 2). Sub- 


Fic. 12. Streptococcus arthritis of seven weeks’ dura- 
tion, narrowing cartilage space between condyles 
and tuberosities and destroying bony articular cor- 
tex on mesial side of joint. 


sequently a line’ of demarcation forms 
about the dead bone and its shadow is 
denser than that of the surrounding living 
portions, which become reduced in density 
by absorption and atrophy (Fig. 3). 

Shadows cast by newly forming bone are 
usually not seen until several weeks have 
passed and the acute symptoms have sub- 
sided. There is a gradual return in density 
in the regions where the shadow of the 
articular cortex has been lost, but the 
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outlines are irregular. If cartilage space and 
cortex have been lost at the points of pres- 
sure, evidences of bridging of the joint 
space by bony trabeculae usually follow 
(Fig. 13). If bony ankylosis does not occur, 
the cartilage space is left uneven and 
narrowed. Sclerosis of the articular surface 
may considerably increase the density of its 
shadow and marginal lipping is often a 
permanent sequel. 


ROENTGENOGRAPHIC CHANGES 
CULOUS ARTHRITIS 


IN TUBER- 


The first roentgenographic evidence of 
change in tuberculous arthritis is usually 


4 


Fic. 13. Side view of joint shown in Figure 11, eight 
months from onset, showing bony ankylosis follow- 
ing destruction of articular surfaces at points. of 
contact and preservation of shadows of bony cortex 
on the free surfaces. 


regional reduction in density of the bony 
shadow from atrophy of disuse. This 
becomes manifest in from a few weeks to 
a few months, depending on the joint 
involved and on the severity of the infec- 
tious process. If the infection is mild and 
the extremity is used, several months may 
elapse before regional atrophy is_ suffi- 
ciently marked to be demonstrable in the 
roentgenogram. When the lesion is pri- 
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mary in the bone, a_ localized 
reduced density may be seen early as a 
result of the bone destruction, or a primary 
sequestrum may be evident 
density, 
surrounding bone as soon as regional 
atrophy is demonstrable. The bony focus 
in adults is usually located in the subchon- 


from. its 


Fic. 14. Tuberculous arthritis of eighteen months’ 
standing. Cartilage space of joint is of normal width, 


but shadows of articular cortex are gone. 


dral area of the epiphysis. In children it is 
more frequent in the metaphysis and 
breaks into the joint after a considerable 
area of bone has been destroyed. Some- 
times it breaks first into the epiphysis and 
then into the joint. 

Destruction along the articular surfaces 
produces the most definite s signs of tuber- 


culous arthritis. The signs may be of 
destruction cf either bone or cartilage. 


Destruction of bone is 


the 


shown in 


Articular Surfaces 


area of 


which is greater than that of the 


Joint Infections 


interruption or disappearance of the shadow 
cast by the articular cortex. Absence of the 
shadow cast by a part or all of the cortex is 
seldom observed in the early stages. It is 
rarely seen earlier than a few months from 

the onset, and twelve to eighteen months 
sometimes elapse before it can be made out 
in the case of mild tuberculosis of a larg 

joint, such as the knee. The first evidence 
of disappearance of cortical shadow is usu- 
ally seen about the margins, where margin- 
al erosion and undermining by 
lous granulations lead to destruction of 
both cartilage and cortex. In some in- 
stances It is first seen in regions that are not 
in contact with opposing articular carti- 
lage, because surf: 


tubercu- 


trom 
regions and 
the entire thickness of car- 


b 


destruction 


granulations occurs in these 
destroy 


may 


a 


Fic. 15. Excised tuberculous ankle shown in Figure 
Secmadan cartilage shown on external malleolus 
completely detached, while that on tibia (hb 
astragalus (c) Is extensively undermined, but 
adherent to remnants of bony cortex. No 
granulations except at (c), where 
unopposed by cartilage. 


surface 


cartil ige 


tilage and cortical bone before there is 
extensive destruction elsewhere. Thus in 
the side view of the knee joint, the shadow 
of articular cortex may be preserved in the 
regions of contact of patella with femur 
and of condyles with tuberosities, whereas 
it is partly or wholly absent along the free 
surfaces of the condyles posteriorly and 
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anteriorly between patella and tuberosities 
Fig. g). 

In a joint whose opposing articular sur- 
faces are in contact throughout the greater 
portion of their extent and where there ts 
little cartilage that is unopposed, destruc- 
tion of cortex of bone is produced mainly 
by absorption by granulations forming 
immediately beneath the cartilage, and 
cortical shadow ts usually seen to disappear 
gradually throughout the entire extent of 
the joint. This is particularly true of the 
hip and ankle. Figure 14 shows the dis- 
appearance of the shadow of articular 
cortex with almost normal width of carti- 
lage space in tuberculosis of the ankle of 
one and one-half year’s standing. At opera- 
tion the cartilage was found loosened in 
most of its extent and undermined by 


granulations, but there was no growth of 


granulations between the articular carti- 
lages and no surface erosion, except on a 
small free surface of astragalus, as shown In 
Figure 15. The cartilage discs were only 
moderately thinned by 
granulations from beneath. 
The r entgenographic evidences of carti- 
lage destruction are the absence of the 
shadow of articular cortex of bone, since 
this is never absorbed without some asso- 
ciated cartilage absorption, and narrowing 
or complete disappearance of the cartilage 
space of the joint. Where cartilage is com- 
pletely destroyed in the regions of apposed 
articular surfaces, the cartilage space dis- 
appears and the shadow of old articular 
cortex is also nearly always absent. The 
shadow of articular cortex may entirely 
disappear with preservation of varying 
amounts of cartilage space of the joint. 


This occurs in those joints and portions of 


joints where cartilage is destroyed mainly 
by undermining granulations, for in these 
regions absorption of cortex of bone pre- 
cedes any appreciable amount of cartilage 
destruction. The detached discs of cartilage 
may stand for months or vears and pre- 
serve one-half to two-thirds of the normal 
width of the cartilage space of the joint. 
The detached and dead cartilage persists 
mainly because of the absence in the tuber- 
culous exudate of the proteolytic ferments 
which are present in pyogenic arthritis 
and would speedily break it down. 


absorpt ion of 
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Evidence of secondary invasion of the 
underlying bone, which may take place as 
the articular surfaces become involved, 
varies according to whether the necrotic 
bone is absorbed or is sequestrated. If the 
area of involvement is small, complete 
absorption of bone is the rule, leaving 
irregularly circumscribed areas of reduced 
density, without increase of density of the 
surrounding margins, since sclerosis about 
such areas rarely occurs as long as the 
disease is active. As previously 
remarked, when sequestra are formed, 


Fic. 16. Tuberculous arthritis of eight years’ duration 
with marked marginal lipping. Limb used _ con- 
tinually and never immobilized; 
motion. 


45 degrees of 


they are usually at the points of contact 
and greatest pressure in the joint and are 
frequently bilateral and “kissing.” If 
sequestration occurs, the sequestrum usu- 
ally becomes recognizable by the following 
points, as shown in Figures 10 and 11: 
1) It casts a heavier shadow than the 
surrounding living bone, the density of 
which becomes still further reduced by 
continued absorption and bone atrophy, 

whereas that of the necrotic bone remains 
stationary; (2) the articular cortex of the 
sequestrum is usually seen as a dense, even 
line. This is either because the bony cortex 

is not destroyed before invasion and death 
of the bone take place, in which event it 
persists, or, rarely, because, after the orig- 
inal cortex and cartilage have been de- 
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stroyed, friction with the opposing surface 
leads to bony eburnation and polishing of 
surfaces before there is invasion and necro- 
sis of the underlying bone; (3) a line of 
demarcation may be seen about the dead 
bone, but this is far from always the case, 
since absorption of the bone at the junction 
may occur extremely slowly, or the outline 
of the dead portions may be very irregular, 
so that overlapping of shadows on the two 
sides obscures the zone of separation. If 
the bony invasion occurs late in the dis- 
ease, after there is marked bone atrophy, 
the necrotic area will cast a shadow of 
the same density as the surrounding living 
bone. 

The marginal lipping seen rarely in mild 
tuberculous arthritis of long standing, 
where the joint is mobile and has been used, 
resembles closely that of arthritis defor- 
mans, and it is extremely difficult to dif- 
ferentiate the two conditions from roent- 
genographic evidence alone. The shadows of 
the osteophytes, as shown on posterior 
articular margins of tibia and femur, may 
perhaps be more irregular and less dense 
than those of arthritis deformans, and their 
bases set back from the cartilage, where 
they spring from the bone. 


SUMMARY 


In pyogenic arthritis, articular carti- 
lage is killed and destroyed primarily and 
most extensively at the points of contact 
and pressure of opposing articular surfaces. 

2. In tuberculous arthritis, if the joint 
presents both free and contacted surfaces, 
the articular cartilage is killed and de- 
stroyed first by the direct attack of granula- 
tion tissue along the free surfaces, and the 
cartilage is best protected and often 
stands longest in the regions of contact 
and greatest pressure in the joint. 

3. In tuberculous arthritis, at the points 


of contact and pressure the attack of 
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granulations on the cartilage is usually 
from beneath, resulting in absorption of 
bony cortex and det achment and thinning 
of the cartilage. 

4. Proteolytic ferments are present in 
pyogenic arthritis, and assist in the diges- 
tion of dead cartilage. They are absent in 
tuberculous arthritis, and dead cartilage 
which has been detached or which is 
located on sequestra may stand for months 
or years without being destroyed. 

Secondary invasion of the bone, 
resulting In sequestra bordering on the 
articular surface, is rare in pyogenic 
arthritis, but common as a late occurrence; 
in tuberculous arthritis. In tuberculosis thet 
points of contact and pressure are apt to be} 
the seats of bony invasion, and the inva- 
sion Is often bilateral, producing the picture 

f “kissing sequestra.” 

The roentgenographic picture of both 
diseases varies considerably, but, in gen- 
eral, evidences of disappearance of car- 
tilage and cortex first at the points of 
contact and pressure suggest pyogenic 
arthritis, while evidences of their preserva- 
tion longest in these regions and of dis- 
appearance in unapposed regions are in- 
dicative of tuberculous arthritis. 
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REASONS FOR LACK OF 


BY PAUL B. 


anatomical facts have 

/ long known to anatomists. These 
facts, however, have not been brought to 
the attention of the roentgenologist and 
the clinician in such a way that they have 
been borne in mind while examining 
roentgenograms of the lower spine with the 
idea of determining what is normal 
what is pathological, 
tal. It is with the 1 


been 


and 
acquired or congeni- 
idea of interesting the 
roentgenologist in this particular subject 
and of presenting definite information to 
help in determining from the roentgeno- 
grams the cause of pain in the lower spine 
that this paper is written. 

The inability of the clinician to make a 
diagnosis in cases of low back pain in due 
In part to poor technique, and lack of 
attention to details in the clinical examina- 
tion and taking of history, and in part to 
the fact that the roentgenologist cannot be 
definite in his statements in a large number 
of cases as to what Is normal and what is 
pathological. The reason for this indefinite- 
ness on the part of the roentgenologist is 
that the variations in the normal in the 
lower lumbar and sacroiliac region are 
great and there ts little definite information 
on the classification of the 
of normal lower backs. 

We have taken up some anatomical 
studies in an effort to establish, if possible, 
various types of normal lumbosacral ana- 
tomy, and to find some reason for the 
cause of so much pain in the lower back. It 
would be well first to consider the mechan- 
ics and anatomy of this region. The 
sacrum Is set between the ilia as a keystone 
of an arch when the lumbar curve has been 
eliminated; that is, the wide part is at the 
top and the narrow part towards the coccyx, 
is at the bottom. It appears that if this ana- 
tomical relation remained true in the stand- 
ing position we would have much less pain 
in this region; but these mechanical rela- 
tions do not remain the same in the erect 
posture, and the lumbar spine is thrown 


forward into the norm: ial curve. 
Read at the Twen 
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is then tilted downward and forward, the 
front of the sacrum is thrown downward, 
the back of the sacrum is brought upward, 
the top of the sacrum is forward and the 
bottom of it 1s backward. Therefore, the 
pelvis has rotated in such a way that 
in the standing position the front of the 
sacrum Is really the inferior surface, almost 
facing the ground, and the back of the 
sacrum, which Is narrower than the front, 
is above and facing upward. In this posi- 
tion, it can be readily seen that there is 
established the opposite condition; the 
keystone of the arch Is inverted, the sacrum 
being hung between the ilia, suspended 
and maintained in position by the liga- 
ments which hold it on both sides to these 
bones. The body thrust is downward and 
forward, and aside from a slightly rough- 
ened surface on the sacroiliac joints, there 
no other support. If the ligaments 
supporting the sacrum to the ilium were 
cut away, the sacrum would fall forward 
into the front of the pelvic ring. The sacro- 
iliac joints must be considered true joints 
in every sense of the word, except that 
under normal conditions they do not allow 
motion to any considerable extent. They 
are supported by the same type of liga- 
ments as other joints, but in larger groups; 
they are almost, if not completely, covered 
with true joint cartilage, and they are sub- 
ject to the same ills as all other joints. 
There has been considerable discussion 
as to whether there is true joint cartilage 
in the sacroiliacs, but I believe it has been 
proved without doubt that they do contain 
this cartilage. At least, I have found it in 
every sacroiliac joint upon which I have 
operated. This fact has also been borne 


IS 


out by examinations in the anatomical 
laboratory. 
In the ordinary weight-bearing joint 


there Is bony contact, where weight is borne, 
to relieve the ligaments of strain, the 
ligaments functioning mainly to hold the 


joint in a normal position. In the sacro- 
iliac joint this is reversed; the ligaments 
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bear practically all the weight and conse- 
quently they are developed to a greater 
degree as well as being present in larger 
quantity than in other joints. If these 
facts are kept in mind, it can be readily 
seen that any condition which affects 
ligaments and makes them painful will be 


more apparent in the ligaments of the 
lower spine than in other ligaments. 


Since they are poorly supplied with blood, 
well supplied with nerves, and subject to 
more strain than those about the average 
joint, they become more painful when an 
inflammatory condition or a toxemia is 
present. Here we have one cause of acute, 
subacute or chronic backache, which may 
not show any pathology whatsoever in the 
roentgenogram. Inflammatory conditions 
of the ligaments, unless they are extreme, 
do not throw any shadow that can be 
differentiated from the surrounding tissues. 
The sacroiliac joints are complicated, 
far as interpretation of the roentgenogram 
is concerned, because they are oblique and 
of an irregular shape; they cannot be 
brought into close contact with the plate, 
and they must necessarily be overlapped 
by many intervening shadows—gas_ in 
the intestine and the like—so that it makes 
these shadows much more difficult to 
interpret than those in the average case of 
joint inflammation. Little det ails may be 
easily overlooked. 

It is true that when the inflammation 
has progressed to a point where there is 
seiuking down or softening of cartilage, or 
hardening or breaking down of bone the 
inflammatory condition of sacroiliac joints 
can be diagnosed by the roentgen ray, but 
this is long after the diagnosis should have 
been made. The damage has been done 
when the condition shows in the roentgeno- 
gram. The diagnosis should be made on 
the clinical findings many months before 
the roentgen findings are positive; the 
clinician, therefore, who depends on the 
roentgenologist to make a diagnosis of 
the cause of low back pain when it is due to 
inflammation, does his patient an injustice. 

When I speak of inflammatory condi- 
tions of the sacroiliac joint, | mean not 
only those caused by infections, but also 
those due to trauma or toxemias. Toxemias 
in my opinion, cause just as many, if not 
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more low back pains than do infections. 
They are of a different type, being caused 
by chemical irritation, pe do not give rise 
to such acute symptoms; but they do 
produce the same end-results. 

A great deal has been said regarding sub- 
luxations of the sacroiliac jomt and the 
possibility of moving the sacrum on the 
ilia. Anatomists and clinicians agree that 
the sacroiliac joint is immovable to all 
practical purposes, but the obstetricians, 
it seems to me, have definitely proved that 
under certain conditions the sacroiliac 
joints do move. They say that the pelvic 
inlet or outlet, at term, can be increased 
or decreased by hyperextension or - 
flexion of the thighs. In other words, 
the physiological condition of 
the sacroiliacs do relax enough to allow the 
infant’s head, by pressure from the inside, 
to enlarge the pelvi ic ring. This can happen 
only by motion at the sacroiliac joints. 
We are all familiar with the spectacle of 
the old country woman who has borne 
many children and has had little or no 
pelvic support or rest following many 
deliveries, with her waddling gait, due to 
the fact that the sacroiliacs move notice- 
ably at every step. In some of these individ- 
uals the ilium can be felt and seen to 
move on pressure when resting weight 
on the thighs. This same relaxation to a 
lesser extent can be induced by a chronic, 
low grade infection, toxemias or trauma, 
or a combination of these. It is my opinion 
that normally the sacroiliac joint is not 
movable, but we are not dealing with the 
normal in cases of backache, and we must 
consider this large group of ligaments as 
subject to great relaxation for the causes 
mentioned. 

It has been the experience of the writer 
that if careful histories are taken in these 
cases, it will be found in practically every 
one of them that there is a definite history 
of an acute or chronic infection, a chronic 
or semi-chronic constipation, over-exposure 
to cold, over-exertion, or malnutrition pre- 
ceding the acute which will 
account for the relaxation which is be- 
lieved to be the cause of subluxations of 
the sacroiliac joints. It is necessary for a 
full understanding to consider the mechan- 
ics of these joints when thinking of a sub- 
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luxation. Personally, I have seen only a 
few actual displacements of the sacroiliac 
joint shown in the roentgenogram, al- 
though | have seen many cases of what | 


consider subluxation of this joint. The 
symptoms were no different in the cases 
where the roentgenogram showed dis- 


placement and where it did not; the only 
difference was that the trauma was much 
the 


more violent in 
latter (Fig. 


the former than in 


Roentgen 


Findings in Low Back Pain 17 
the pelvis is tilted slightly forward; the 
hamstrings do not allow any considerable 
amount of motion to occur at the hips 
between the ilia and the femur. Therefore, 
the pelvis is held in a fixed position and 
the fulcrum comes at the upper part of 
the sacroiliac joints and at the fifth lumbar. 
Granting that ligaments in the back are 
normal and have normal! strength and tone, 
they maintain the sacrum in definite rela- 
tion to the ilia, but granting a relaxation, 


Fic. 1. Complete separation of symphysis pubis with spreading at sacroiliac joints. This 


man’s symptoms were exactly the same 


as those w hich show no gross evidence 


in the 


roentgenogram. He was relieved by manipulation and support. 


The mechanics of a subluxation would 
seem to be easy of explanation. The 
patient leans forward, the body weight 
above the sacroiliac joints is held at a more 
or less acute angle, the fulcrum falling at 
the lower lumbar and sacroiliac region, so 
that the upper part of the body can be 
considered as one end of a lever. The 
other end of the lever can be considered as 
being made up of the pelvis attached to the 


legs and held in position by the limit of 


stretch in the hamstring muscles which 
are attached back of the knees and to the 
tuberischii. When the patient stoops for- 
ward the lumbar curve is elimin: ell and 


a loss of tone and a low grade inflammation 
in these ligaments, a slight slip of the sac- 
rum forward at its upper level is produced. 
It slides forward over a roughened area on 
the joint surface, there is an acute pain in 
the back due to the overstretch of a certain 
group of ligaments such as will occur on 
the overstretch of a turned ankle, and 
because of the pain a muscle spasm is 
immediately set up. On account of pain 
the patient is not able to straighten up and 
the sacrum maintains this abnormal posi- 
tion on the ilia because of a roughened 
area which holds it and does fea! allow it to 
slip back into place. The displacement is so 


. 
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slight that it will not show on a roentgen- 
ogram which is taken anteroposteriorly 
through oblique joints with many over- 
lapping shadows. The fact that this pain 
comes on so suddenly seems to me to mean 
that it is definitely mechanical, and the 
mechanical explanation of the thing is so 
apparent that it is difficult to understand 
why it was not accepted long ago. The 
fact that the pain disappears with the 
same rapidity, and the fact that the patient 
is relieved as suddenly as he was pros- 
trated, when manipulation of this joint is 
performed, would seem to leave no doubt 
that the explanation is purely mechanical 
so far as the actual occurrence of the pain 
is concerned, but has the foundation of 
pathology in the fact that the ligaments 
do not support the sacrum in definite rela- 
tion to the 


LUMBOSACRAL 


There is another weak point in the 
anatomo-mechanical construction of the 
part of the back which lies at the point of 


ARTICULATION 


Fic. 2. Note angle at which fifth lumbar articulates 
with first sacral. If there is not proper bony support 
the fifth lumbar has constant downward and forward 
thrust by body weight, which must be supported by 
ligaments in the erect or forward position. 


articulation between the fifth lumbar and 
the sacrum. At this point the inferior artic- 
ular surfaces of the fifth lumbar fit over 
and in back of the superior articular 
processes of the first sacral. The fifth 
lumbar is superimposed on the first sacral 
at an angle of 45° with the perpendicular, 
but the normal angle of articulation be- 
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tween the inferior articular processes of the 
fifth lumbar and the superior articular proc- 
esses of the first sacral is such that the 
fifth lumbar cannot possibly slip forward 
on the first sacral, even though all the 
ligaments attaching the fifth lumbar to 
the sacrum and the ilia on each side were 
cut (Fig. 2). There is here, however, a tre- 
mendous variation in the normal. The 
angle at which these processes articulate 
varies in all planes. It has been found by 
the author in measuring the angles, taking 
the anteroposterior perpendicular plane as 
a guide, that this articulation varies from 
go° to parallel with this plane, and from 
horizontal to perpendicular, sometimes on 
one side and sometimes on both (Figs. 3, 4, 
5 and 6). In a large percentage of cases the 
two sides did not articulate at the same 
angle, there being a perpendicular facet on 
one side articulating at any angle from go” to 
— with the anteroposterior plane, with 

1 horizontal or almost horizontal articula- 
ne on the opposite side. This allows such 
a variation in bony contact between the 
fifth lumbar and the sacrum that the angle 
of articulation between the fifth lumbar 
and sacrum in every case of back pain 
and back injury must be taken into con- 


Fic. 3. Normal average angle of articulation of first 
sacral with fifth lumbar. 


sideration. This is something which has 
been passed over without notice by the 
roentgenologist up to this time. As a 
matter of fact, roentgenograms usually 
are not taken with any idea of defining 
the angles at which the fifth lumbar articu- 
lates with the sacrum at its two processes. 
This should be done in every case, but 
especially in those cases which show a rota- 
tion or misalinement of the fifth lumbar in 
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its articulation with the sacrum. The aver- 
age articulation between the fifth lumbar 
and the sacrum is at an angle of 65° with 
the anteroposterior perpendicular plane, 
but as previously stated this varies m a 
great number of cases. If the articulation 
on either one or both sides is such that the 


Transverse flat articulation of first sacral with 
fifth lumbar. 


FiG. 4. 


bony contact between the fifth lumbar and 
the first sacral does not prevent the forward 
slipping on one or both sides, then the 
fifth lumbar is entirely supported and held 
back in position by the ligaments attaching 
it to the sacrum and the ilia on both sides, 
because the whole weight of the upper part 


Fic. 5. Flat perpendicular articulation at 65 degrees 
on one side of first sacral with a partially horizontal 
articulating surface on opposite side. This type lends 
itself to rotations of fifth lumbar easily. 


of the body tends to press it downward and 
forward. If there is a perpendicular facet 
on one side and a horizontal one on the 


other, then rotations towards the side of 


the perpendicular, or fixed side, can be 
easily produced, especially when there is 
relaxation of the ligaments which support 
this joint from any of the causes which 
have been previously mentioned. The 


leverage which has been described as act- 
ing on the sacroiliac joints will act on the 
fifth lumbar as well, especially if this is a 
weaker point mechanically than the sacro- 
iliac joints. A rotation in this case or a 
spondylolisthesis may be produced either 


Fic. 6. Flat horizontal facet opposite a perpe ndicular 
65 degree angle facet in first sacral. A flexion of the 
body and rotation would easily cause overstrain fof 
the lumbosacral ligaments in this case. 


gradually or acutely by relaxation of the 
ligaments as a result of improper bony 
contact between the lumbar and sacral 
vertebrae. 
ANATOMICAL DEFECTS IN 
ARCH 


THE NEURAL 


Willis! calls attention to the fact that 
there are seven general types of defect 
in the makeup of the fifth lumbar vertebra, 
some of which appear frequently in the 
first and second sacral. The first type 
is what is commonly called occult spina 
bifida, or an incomplete closure of the 
neural arch. This is a thing with which 
every roentgenologist is familiar and which 
appears in a large number of cases, both in 
the fifth lumbar and first and second 
sacral. Willis found it in 1.2 per cent of a 
total number of 748 spines examined; but 
it is interesting to note that in looking 
over one hundred roentgenograms of tndi- 
viduals who had come to the roentgenolo- 
gist complaining of low back pain, it was 
found eight times more frequently than in 
the anatomical laboratory. The bifid neural 
arch is important only because there Is a 
very much reduced area of bony attach- 


1 Willis, T. A. Lumbo-sacral umn in man, its stability of 
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ments for ligaments in this region, and as a 
consequence It is weakened in Its support, 
making easy the overstraining of the 
remaining ligaments by forcing more work 
upon them. 

There are certain other defects as noted 
in Figure 8, taken from Willis’ work which 
all constitute an imperfect neural arch; 
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cion of a double joint in this region, but 
nothing except a lateral view or a series of 
stereos would discern a complete loss of 
bony continuity between the lamina and 
the body. Figure 7c, shows a neural arch 
in two parts entirely separated from the 
body. In this case the diagnosis might be 
passed over as a simple incomplete closure 


c 


d 


Fic. 7a, b, ¢ and d. Specimens of the fifth lumbar anomalies showing four types of weak fifth lumbar 
vertebrae. (From Willis. 


namely, the complete separation of the 
lamina at its base from the body on either 
one or both sides, an incomplete closure 
which is not easily discernible by the roent- 
gen ray, but which might be mistaken for a 
fracture if the rays passed through at an 
angle which would show this condition. 
In Figure 7b it will be noted that an 
anteroposterior view might give a suspi- 


of the neural arch in the median line, but 
as will be noted, there is also incomplete 
union, or no union at all, between the 
lamina and the body. Figures 7b, 7c, and 
7d well illustrate the fact that any liga- 
ments attached to the part of the lamina 
and the spinous processes which are not 
attached, in turn, to the body, would give 
no support so far as holding the body in its 
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normal relation to the sacrum is concerned. 
There is a fifth type as illustrated in 
Figure 8 (4) in which the articular processes 
of the fifth are entirely separated from the 
body, in which case the ligaments attached 
to the neural arch spinous processes and 
the joints, would give no support whatso- 
ever to the body of the vertebrae indicated 
by lines 4, 5 and 7. These different varia- 
tions Willis found in going over 748 spines, 
occurred in a total of 4.28 per pth that Is, 
a separate neural arch was found in 31 cases. 
It exists, therefore, more than three times as 
frequently as the commonly recognized bifid 
spinal process or spinal bifida occulta. In 23 
of these cases the defect was bilateral; in 8, 
one-sided only. In each case the right was 
affected. The condition occurred thirty 
times in males and once in a female; 28 
of the cases were in white persons and 3 in 
negroes. These are extremely significant 
facts, and these anatomical defects should 
be looked for in every case, and methods 
should be designed for their detection. 
It will be easily seen that a spondylo- 
listhesis or a rotation of the fifth lumba1 
vertebra can result from a separate neural 
arch or improper bony support between 
the articular process of the fifth lumbar 
and the sacrum. The proportion of 30 In 
the male to one in the female compares 
with our experience of acute low back pain 


and spondylolisthesis in a large number of 
males as compared with a small number of 


females. | do not mean by this that 
backache occurs more frequently in males 
than in females, because this has not been 
borne out by my experience, but the acute 
type, which comes on undoubtedly from 
poor mechanical support and relaxation 
of the ligaments occurs many times more 
frequently in males than in females. It 
may be because of more frequent anatomi- 
cal defects or it may be because males are 
subjected as a rule to 


ceneral 
liability to and 


trauma 


greater 
over-exertion. 


LATERAL PROCESSES 


There has been much discussion regard- 
ing the impingement of lateral processes 
of the fifth lumbar upon the ilium and 
upon the sacrum as a cause of pain. I 
believe that almost anyone 
examined any number of 


who has 
lumbosacral 


Re ventgen 
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articulations either with the roentgen ray 
or anatomically, will agree that the varia- 
tion in the lateral process is so great that 
it is impossible to say what is the normal. 
They vary on both sides in some indivi- 
duals, and it is my opinion that unless 
the process impinges upon the iltum, which 
it seldom does, and this articul: ation either 
develops an inflammation, or is injured as a 
result of trauma, that the attachment of 


the lateral process to the ilium or its 


impingement upon the ilium is ordinarily 
not to be considered a cause of pain. In 5 
part of the 


cases I have removed 


fifth 


Fic. 8. Lines of non-union or incomplete union in verte- 
bra, discovered by Willis in anatomical laboratory. 


lumbar lateral process because there were 
definite symptoms of impingement upon 
the lumbosacral cord, and because the 
lateral process of the fifth was thick and 
wide and there appeared to be, from the 
clinical symptoms, evidence of pressure on 
the first sacral root and lumbosacral cord, 
caused by this bone. These cases have all 
made complete recovery. In no case was 
there a complete removal of the lateral 
process. A part of the process was taken 
out, which lay down close to the sacrum 
and originated from the lower part of the 
fifth lumbar. The ligamentous attachments 
between the fifth lumbar process and the 
ilium were not interfered with. 
CAUSE OF SCIATIC 
BACK 


PAIN AS A 
INJURY 


RESULT OF 


Returning again to the anatomical rela- 
tions of the fifth lumbar with the sacrum 
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and the sacrum with the ilia on each side, 
it will be noted that the fourth and fifth 
lumbar roots send branches to make up the 
lumbo sacral cord, and join with the first and 
second sacral immediately over the upper 
part of the sacroiliac joint. In their course 
of exit from the foramina, they pass 
through the ligaments which support the 
fourth and fifth lumbar and first and second 
sacral to each other and to the ilia, and 
join at a location exactly over the upper 
part of the sacroiliac joint on its anterior 


Fic. 9. Nerve exits in lower lumbar and upper sacral 
region. These nerves form the sciatic. They pass 
through the ligaments which support the lumbo- 
sacro-iliac anatomy and unite to form the sciatic 
immediately over the upper part of the sacroiliac 
joints. Inflammation of these ligaments may be com- 


municated to the nerves and give referred pain down 
the leg. 


surface. It has been my experience in a 
large series of cases, numbering more than 
2,000, that sciatic pain as a result of back 
strain or back injury, does not occur in 
less than ten days from the time of the 
injury unless the injury has been so severe 
that there is actual tearing of the liga- 
ments, in which cases there can usually be 
found an actual dislocation between the 
bones, which is evident in the roentgeno- 
gram. The accepted explanation of this 
pain is that a traumatic inflammation is 


Back Pain 


set up in the ligaments at the time of the 
injury, which gradually produces swelling, 

and that this inflammation is transmitted 
from the lumbosacral and sacroiliac liga- 
ments to the nerves which run through 
them and lie immediately over them at the 
upper part of the sacroiliac joint. The 
distribution of these nerves can be actu- 
ally followed in many cases of sciatic 
pain. In a large percentage of cases of any 
considerable standing, the tendo Achillis 
reflex is abolished. This reflex travels 
through the fifth lumbar and the first and 


Fic. 10. Spondylolisthesis due to no closure of neural 
arch on both sides with nearly horizontal articular 
process on first sacral. Here both bony and ligamen- 
tous support were lost to fifth lumbar. (From Willis. 


second sacral nerves. There is atrophy of the 
calf muscles in chronic cases, the fifth lum- 
bar and the first and second sacral, and atro- 
phy of the gluteals as a result of pressure on 
the superior gluteal nerve, which originates 
in the fourth and fifth lumbar roots. The 
patient is unable to stand on his toes as a 
result of the loss of power in the plantar 
flexors of the foot (Fig. g). It is interesting 
to note that no treatment for this type of 
sciatic pain will give relief except the relief 
of the back condition, and that as soon 
as the inflammation in the ligaments of 
the lumbosacral and sacroiliac articulations 
is relieved, the pain in the leg disappears. 
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CONCLUSIONS 


(1) Mechanically the lumbosacral and 
sacroiliac regions are weak spots. 

(2) The relaxation of ligaments is pri- 
marily the cause of a large majority of 
acute and chronic back pains; infection, 
toxemia and trauma, combined with the 
anatomical variations in this 
responsible for acute back pains. 


region are 
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ble problem of the feeble-minded as it 
concerns the nature and cause appears 
to be becoming more complex as the litera- 
ture increases. It is difficult to approach 
a study of this subject free from precon- 
ceived ideas and fancies. The danger is 
always present that previously accepted 
views may color the interpretation of the 
findings. The opportunity for romancing 
in this field is a large one. It is with con- 
siderable timidity, therefore, that the au- 
thor submits the results of his studies. 

The hereditary factor in the mentally 
retarded has for many years completely 
overshadowed the other features of the 
problem. The feeling, however, that hered- 
ity does not satisfactorily explain the 
etiology but at most indicates a possible 
mode of transmission is rapidly gaining 
acceptance. The more deeply fundamental 
causes which involve anatomic and physi- 
ologic changes if such exist, are yet to be 
discovered. It can only be by the gradual 
accumulation of data covering both the 
anatomical and physiological aspects that 
we may hope for a solution of the problem. 
The co-existence of mental inferiority 
with diseases of the ductless glands has 
been frequently noted. We were led to the 
present investigation through the work of 


Dr. Cary Pratt McCord, whose studies 
at the Michigan Home and Training 


School demonstrated the existence of well 
defined endocrinopathies in about 20 per 
cent of the feeble-minded population. We 
had the opportunity at that time of making 
roentgen studies of many of his cases. 
The iieghe of the roentgen ray in studies 
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(3) Spondy lolisthesis is a_ result of 
improper bony contact at the articulations 
or a loss of bony continuity in the neural 
arch of the fifth lumbar. 

(4) In order to determine the cause of 
certain of these conditions roentgenograms 
will have to be taken at various angles, 
taking into consideration these anomalies 
before more definite information can be 
obtained on this subject. 
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of this character can hardly be over- 
estimated. It has already added consider- 
able information to that already ac- 


cumulated through clinical observation 
and at autopsy. Particularly is this true 
as regards fa alee changes of the 
osseous structure. Here it is possible to 
observe in the living patient the time of 
appearance of the centers of ossification, 
the rate and character of bone growth and 
the time of union of the epiphyses and 
shaft. 

The work embodied in this report has 
been pursued intermittently over a period 
of about eight years and it is obviously 
impossible to do more than summarize 
the data in the present article. We hope 
to publish at some future time a more or 
less critical review of our complete findings. 

Technique. The routine examination 
consisted of roentgenograms of the skull, 
sella turcica, hand and wrist. In certain 
specific groups the long bones and chest 
were also examined. The mentally defi- 
cient present many technical difficulties 
which require certain modifications of the 
usual technique. Stereoscopy was seldom 
»ossible. In most of our observations we 
eee of necessity used flat plates. The 
focus plate distance has been 30 inches 
except in the cases of particularly dis- 
turbed patients where a more rapid tech- 
nique was necessary. 

Classification. For the purposes of this 
report we have chosen to group our find- 
ings under two general heads; (1) those 
conditions which are characterized by 
changes in the topography of the skull 
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and which are unassociated with general 
skeletal changes; (2) those conditions 
which show general changes of the osseous 
system and may be considered as growth 
defects. Under this second group are to be 
considered those conditions which are 
generally accredited to an_ endocrine 
source. From our observations we are of 
the opinion that growth defects of endo- 
crine origin can be grouped under one or 
more of the following heads based on the 
evidence furnished by the roentgen ray: 


(1) Retardation. 
a. Retarded bone growth. 
b. Delayed maturation as shown by 
closure of the epiphyses. 
2) Acceleration. 
a. Rapid bone growth. 
b. Premature epiphyseal closure or 
synostosis of the sutures. 


Bone growth may be accelerated or re- 
tarded due to mal-function or structural 
change in certain of the endocrine glands. 
Those glands which are generally credited 
with influencing the progress of ossifica- 
tion are: (1) the sexual glands; the 
thyroid; (3) the pituitary; (4) the pin- 
eal (?); (5) the adrenals (?). With the 
exception of the thyroid, the specific 
function of the endocrine glands is not 
satisfactorily demonstrated. Bearing this 
in mind, however, and considering the 
rather well-defined clinical syndromes 
which present themselves it would seem 
that we are justified in the following 
grouping. As regards the pineal gland we 
have no data. It is introduced in the 
classification merely as a concession to 
the literature. 

1. Retardation in the time of appear- 
ance of bone nuclei and the skeletal growth 
are noted in: 


(2) 


H ypopituitarism 
Hyperthyroidism 
Infantilism. 


Delay in epiphyseal closure is noted in: 


Hypothyroidism 

H ypopituitarism 
an 

Eunichoidism. 
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2. Accelerated bone development is ob- 
served in: 


Eunichoidism 

H yperpituitarism 
Pineal (?) 
Precocious puberty. 


Premature closure of the epiphyses or 
sutures is observed in: 


Precocious puberty 
Hyperpituitarism. 


Eunichoidism presents at first sight the 
somewhat anomalous condition of retarda- 
tion and acceleration existing at the same 
time. Closure of the epiphyses is delayed 
and at the same time bone growth is pro- 
gressing, resulting in gigantism. Theo- 
retically bone growth is possible as long 
as the epiphyses remain open. 

Mongolian idiots we have placed in a 
separate classification, for while they show 
definite growth disturbances, their endo- 
crine origin has not yet been satisfactorily 
demonstrated. 

Under the first grouping of our classifi- 
cation we have observed an almost infinite 
variety of changes in the topography of 
the skull. We have not yet attempted to 
make a statistical study of these cases. 
The microcephalics are numerous but they 
do not show any very definite roentgen 
characteristics. It has been suggested that 
the small microcephalic skull is a positve 
factor in feeble-mindedness because of 
the fancied interference with brain growth. 
If this were true we would expect e\ idence 
of intracranial pressure. This, however, 
we have failed to observe and are inclined 
to the opinion that retarded brain develop- 
ment is but an accompaniment of a similar 
retardation in the development of the skull. 
In cases of turrecephaly (steeple head) we 
have observed two distinct types. In the 
first, which ts the usual type escttied as 
oxycephaly, the skull base is contracted, 
the sagittal sutures are ill defined, the 
cranial bones are all thin, particularly at 
the vertex and there is marked convolu- 
tional atrophy. The elongated shape of 
these skulls is generally accredited to an 
early closure of the sagittal sutures and 
cartilaginous clefts at the base, thus limit- 
ing the growth to that in the upward direc- 
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tion. 
the same external appearance but shows 


The other type presents very much 


difference in the 
changes as revealed by the roentgen 
plates. The skull, instead of being thin 
and showing pressure erosions is quite the 
reverse. The cranial bones are unusually 
thick and the sutures are poorly defined. 
Anomalies of various types affecting the 
skull are common in the feeble-minded, 
particularly asymmetry and other stigmata 
of degeneration. 


a marked structural 


In rey lewing the endocrine cases we are 
impressed with the fact that the character 
of the bone pathology is influenced largely 
by the time of the onset of disease. There 
is a marked difference between the pre- 
adolescent and the post-adolescent cases. 
Frequently the pathology of the ductless 
glands appearing during adolescence laps 
over into the post-adolescent period. Few 
of the cases are strictly uniglandular, which 
further complicates the finding. However, 
one fact more than any other impresses 
itself upon us and that is that the majority 
of endocrine conditions present 
outstanding characteristic or 
characteristics which makes diagnosis pos- 
sible by roentgen means alone. The clear 
cut case of acromegaly provides the 
exception. By far the most important 
findings in hyperpituitarism relate to 
developmental changes. We have seldom 
found the extensive}changes in the 
turcica so frequently described. True, we 
have had 5 cases showing extensive erosion 
of the sella due to hy pophy seal new growth, 
only one of which occurred in our feeble- 
minded group. This latter case was a 
simple adenoma as proved by autopsy. 
he usual finding in hyperpituitarism was 
a normal appearing sella not greatly 
exceeding the average measurements. Some 
two years ago in an article published in 
this journal we stated that the shape of the 
sella turcica was of relatively little diagnos- 
tic importance in the absence of evidence 
of definite erosion, this because of the infi- 
nite variation in the shape of the sella 
normal individuals. This view has been 
strengthened by our subsequent observa- 
tions and we believe 
pituitary pathology 
changes in the 


no single 


sella 


based on supposed 
sella requires careful 


group of 


that diagnosis of 
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scrutiny. This view is also held by Camp 
who reported on the anatomy of the sella 
turcica In a recent publication. 

Hyperpituitarism appearing prior to 
puberty influences or stimulates the longi- 
tudinal growth of the long bones with the 
production of gigantism. Following the 
closure of the eprphyses bone growth in 
length is no longer possible and the same 
pathological stimulus manifests itself by 
the increase in the bone thickness. That 
gigantism is a preadolescent hyperpitul- 
tarism has been denied on the basis that 
instances of true acromegaly occurring 
prior to puberty have been described. 
However, we have one case which we 
believe demonstrates beyond question the 
fact that gigantism and acromegaly are 
fundamentally the same process. 

The roentgen findings in hypopituita- 
rism are largels those due to disturbances 
of bone development. These quite naturally 
are more marked the earlier the onset of 
the disease process. Most of our cases 
show a more or less typically shaped skull 
which might be described as rectangular. 
A similar appearance of the skull was 
present in many of the pluriglandular cases 
in which pituitary signs predominated. 
The cranial bones were thin, sutures were 
frequently widened and the ossification of 
the fontanelles frequently showed irregu- 
larity. The most constant change outside of 
the skull was the marked delay in epiphy- 
seal union. A number of the cases, well 
along in the second decade, showed all the 
epiphyses of the hand and wrist still 
open. The fingers were tapering, with 
cylindrical terminal joints. This is not due 
to bony change as demonstrated by the 
roentgen films. The architecture of the 
bone ts delicate and has the appearance of 
the atrophy seen after immobilization. 

Cretins formed a fairly large group. 
The characteristic finding as regards the 
skull was a fairly uniform basal kyphosis 
which is usually attributed to an early 
closure of the cartilaginous clefts at the 


skull base. The flat bones, which it will be 
recalled are of membranous origin, are not 
affected in this process but continue to 
grow. This produces in some cases almost 
an invagination of the skull base. There isa 
uniform: tendency to delayed 


ossification 


} 
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of the flat bones with a result that these 
retain their membranous character rather 
late. This accounts for the frequent 
flattening of the occipital region which is 
directly caused by the pressure on the 
softened bone. These babies are usually 
helpless and frequently lie on their backs 
for a considerable time. The contraction of 
the skull base noted above produces a 
pulling in of the facial parts, particularly 
the nose, resulting in the characteristic 
cretinoid facies. The general bone develop- 
ment is retarded, the bone nuclei appear 
late and there is marked delay in the clo- 
sure of the epiphyses. 

We made a preliminary report on the 
Mongolian group before this Society at the 
1922 meeting. The general characteristics 
of the mongoloid we outlined at that time 
as follows. 

“Mongolism or mongoloid idiocy is 
characterized by the facial configuration of 
these patients, which is very like that of 
the Mongolian races. The peculiar expres- 
sion of the face giving the condition its 
name, is due to the oblique, slit-like palpe- 
bral fissures, the small, button-like nose 
and the high zygomatic arches. The 
tongue is not usually increased in size 
as in myxedema, but is furrowed. The ears 
are small and set well back on the head. 
The body is usually well proportioned and 
the neck is not shortened as in myxedema. 
The skin is smooth and moist. One of the 
most striking features noted in this condi- 
tion is the shortening of thumb and little 
finger. These patients may be somewhat 
stunted in height, but this feature is 
perhaps less constant and less in degree 
than in myxedema. While there is a general 
retardation in bone development, the bone 
nuclei appear at about the normal time, 
according to Falta. Closure of the fonta- 
nelles and sutures is abnormally delayed. 
Dentition also occurs late and irregularities 
of the teeth are common. To sum up our 
observations on mongolism we may state 
that in our opinion there is no single 
characteristic roentgenological sign in this 
disease and the only departure from normal 
is a generalized delay of bone development. 
This feature, except for a slight selective 
character on the part of the nose and 
maxilla, is common to a number of other 


of the Feeble-Minded 


diseases, some of endocrine origin and 
others due to obscure cause.” 

Since that time we have added a number 
of cases to the original group and it has 
been possible to study them more in 
detail. Up to the present time we have 
surveyed 60 cases. This, however, does not 
complete the available material which is 
under observation. The more careful inves- 
tigation of these cases has not caused us to 
change materially our views as stated 
above with the possible exception of the 
time of closure of the radial epiphyses. 
Our more extensive experience has demon- 
strated that there is not the marked delay 
in epiphyseal closure that we were led to 
expect from our earlier work and our peru- 
sal of the literature. In a group of 24 cases, 
the ages of which have been checked, we 
found 4 cases approximately normal in 


this respect. In 1 case the radial epiphy- 


ses were found closed at sixteen years of 
age. In this case, however, there were 
other factors which made the diagnosis 
somewhat doubtful. A generalized delay in 
dentition was noted all through the series. 
While examining the jaws it was found that 
the mandible retained the infantile charac- 
ter considerably beyond the period of second 
dentition. It will be recalled that the lower 
jaw at birth is nearly straight, the angle 
being about 170°. As the child develops, 
the angle becomes more pronounced and 
after the period of second dentition rapidly 
approaches the adult type, which is more 
nearly a right angle. In the series of cases 
under discussion the mandibular angle 
averaged 130°. There were only 2 cases 
which showed the adult type of lower jaw. 
In both of these cases the angle was 110°; 
4 cases presented an angle of 140°; 3 cases 
in which the angle was 150° were not 
included in the average as the other data 
were incomplete. It is probable that this 
finding is not typical of mongolism alone 
but occurs in other conditions which 
involve growth inhibition. It appears to 
be present in some cases of cretinism 
although we have not yet made a detailed 
survey of these cases. Mongolism has 
many characteristics In common with creti- 
nism but the typical basal kyphosis of the 
latter disease is absent in the former. 
Mental retardation in these cases is always 


I lepatic Lesions 


marked. 


The highest mental age recorded 
in our group was four years, 
this in a patient whose chronological : 
was sixteen vears. 

The observations in the 
feeble-minded has yielded little on which 
to base a theory factors in- 
volved. There has been so much theoriz- 
ing in this particular field that the author 
feels that he will not be criticized if he 
declines to draw other than 
clusions. The constant association of struc- 
tural and development: al with 
mental impairment is a condition so 
obvious as to argue 
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basis. Further than this it seems impossible 
to go at the present time. 

To summarize our findings in general 
terms, we would state that the roentgen 
examination of the feeble-minded shows a 
very high percentage of malformations 
and developmental defects of the skull, 
that in those cases associated with endo- 
crine disturbances there are as well marked 
changes in the process of bone develop- 
ment; and that recognizable changes in 
~ bony structure of the sella turcica are 

‘latively uncommon even in those condi- 
‘ana in which the pituitary gland is 
involved. 


LESIONS IN PATIENTS 
DEEP ROENTGEN 


IRRADIATION 


JAMES T. CASE, M.D. AND 


BATTLE CREEK, MICHIGAN 


gn effects of roentgen ray and radium 

irradiation upon ee liver constitute 
still an unsettled question. In the earlier 
literature the changes pro- 
duced in the cells and tissues by such trra- 
diation very little attention was paid to the 
liver; and the majority of writers are either 
silent with respect to this question, 
specifically that no hepatic lesions were 
noted. Apparently the first experimental! 
work as to the action of roentgen rays 
the liver was that of Seldin,' 1903-04, who 
could find no histologic differences between 
the irradiated and the non-irradiated 
portions of a guinea-pig’s liver after an 
irradiation of 195 minutes total, in 
exposures distributed through 
20 hours. 

Heineke,? 1904, noted no effects upon the 
liver parenchyma. His observations, how- 
ever, were chiefly concerned with a study 
of the changes produced in the lymphoid 
apparatus; and this was also true of the 
experimental study made independently 
at the same time by Warthin,* 1905. The 
latter observer, nevertheless, noted “‘atro- 
phy, chronic passive congestion and slight 
parenchymatous degeneration”’ in the liver 
of human cases of leucemia treated by 
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roentgen irradiation. These hepatic changes 
were not considered either sufficiently 
striking or specific in character as to be 
ascribed positively to the irradiation; and 
the majority of the earlier investigators 
disregarded them wholly. It is probable 
that the more dramatic effects of roentgen 
rays upon the lymphoid tissues drew chief 
attention to these with a resultant slighting 
or failure of recognition of the less striking 
changes in other tissues. 

Theis,* 1905, was the first observer to 
note especial! changes in the liver following 
radium irradiation. Guinea pigs were used. 
The liver was exposed either at the lower 
border of the ribs or through an intercostal 
space, and a capsule containing 20 mg. of 
radium-bromide fastened in the wound. 
In an animal killed at once after 6 hours’ 
exposure the microscopic examination of 
the irradiated portion showed a marked 
hyperemia with occasional hemorrhages 
around the central veins. Numerous eosino- 
phile cells were found in the irradiated area, 
while in the neighboring non-irradiated 
liver-tissue only occasional ones were 
seen. Some of the liver cells were swollen 
and hydropic. No noteworthy changes were 
seen in the bile ducts or blood vessels. The 


| 
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liver-capsule was unchanged. In animals 
examined four days after a 6-hour exposure, 
the exposed area of the liver surface was 
found to be somewhat depressed, although 
smooth and shiny, forming a round spot 
about 7 mm. in diameter surrounded by a 
dark red zone. Microscopic examination 
showed marked dissociation of the liver- 
cells in this area, with various stages of 
necrosis and vacuolar degeneration. Many 
of the liver-cells were altered in form, some 
much decreased in size with complete loss 
of nuclei, while others showed an almost 
complete loss of cytoplasm with nucle 
still staining. This area of degeneration 
and necrosis was surrounded by a zone of 
granulation tissue and lymphocytes. Few 
eosinophiles were noted. The capillaries 
were compressed by the much swollen liver- 
cells. The liver-capsule was infiltrated with 
lymphocytes. No mention was made of 
the bile ducts in this experiment. In an 
animal killed nine days after a 6-hour 
exposure localized adhesions were found on 
the surface of the irradiated area, and in 
the neighborhood of the adhesions slightly 
depressed grayish-yellow spots. The micro- 
scopic examination showed complete necro- 
sis of the liver parenchyma in this area; 
the outlines of the liver-rcds were still 
visible in the form of homogeneous, non- 
nucleated, finely granular masses, between 
which the congested liver-capillaries and 
extensive extravasations of blocd were 
seen. A zone of granulation tissue sur- 
rounded the necrotic area, with connective 
tissue cells extending into the necrotic 
mass. The capsule over the area was thick- 


ened and passed without any line of 


demarcation into the granulation tissue 
surrounding the necrotic area. In the 
granulation tissue there were many new- 
formed bile ducts with cylindrical epithe- 
lium. In the liver of an animal examined 
sixteen days after a 6-hour trradiation 
the right lobe at the point of trradiation 
showed a grayish-yellow spot about !»5 
cm. in diameter. The under side of the 
lobe corresponding to this area was also 
discolored and depressed, and the lower 
edge of the lobe was very much contracted. 
Microscopical examination showed this 
area to be made up chiefly of granulation 
tissue enclosing few remains of the necrotic 
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liver-cells. About the area there were great 
numbers of lymphocytes, and some giant 
cells with central nuclei. Great numbers of 
new bile ducts occurred through the 
granulation tissue. Eosinophiles were pres- 
ent in small numbers, partly free, partly 
in the vessels. 

Werner,’ 1907, likewise studied the effects 
of radium irradiation upon the liver. He 
noted in both young and old rabbits on 
the second day after exposures of 10-60 
minutes localized congestion and leucocyte 
infiltrations, but no perceptible changes in 
the liver-cells. On the fourth day afte: 
such exposure he found marked degenera- 
tion of the liver-cells (swelling and granula- 
tion of the cytoplasm, vacuolation, and 
eventually loss of nuclei). The i 
of the larger bile ducts showed no chang 
and he thought that they might be more 
resistant to irradiation than the liver-cells; 
but suggested that the greater regenerative 
powers of the bile ducts must be considered 
as a possible factor in_ this 
resistance. 

Mills,® IQIoO, also studied the action of 
radium irradiation on the liver, using mice 
as the experimental animal. He employed 
an applicator of 500,000 units, guarded by 
a shield permitting the roentgen rays to 
pass, with 30-minute exposures, killing the 
animals at various periods after the 
exposures. The earliest changes were noted 

hour after the irradiation. The liver-cells 
were granular and devoid of glycogen, and 
early stages of reaction with hyperemia 
were present in the area. After 3 hours 
marked cloudy swelling of the liver-cells 
was seen with early reactive proliferation 
and infiltration, and marked hyperemia. 
At 6 hours the liver-cells appeared norma! 
with enlarged nuclei; at 24 hours there 
appeared to be nearly complete recovery 
but with scattered necrotic cells through 
the area. The local areas of liver-cell necro- 
sis persisted for several days, but there 
was almost complete recovery by the third 
day. Inflammatory reaction in the area 
persisted as long as the fourteenth to 
fifteenth day and longer. He summed up 
the effects of such irradiation with radium 
as: (1) transient cloudy swelling; 


apparent 


a) early 


inflammatory reaction lasting a few days; 
3) later inflammatory reaction coming on 
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about the fourteenth day, and_ lasting 
longer. 

Stefko,’ 1912, also studied the anatomical 
and physiologic action of radium emana- 
tions upon the liver of animals. He noted 
hyperemia, disappearance of glycogen, 
atrophy and fatty degeneration of the 
liver-cells. 

The above-mentioned workers were con- 
cerned with the action of radium upon the 
liver-cells. Very little experimental work 
apparently has been done with reference 


examined one month after 6-12 exposures 
of 10 minutes each three times weekly. 
Meénéetrier,'! 1909, studied the effects of 
roentgen-ray irr adiations upon diabetics, 
from the st: indpoint of the glycogenic func- 
tion of the liver. He found that relatively 
mild exposures caused after each irradia- 
tion a marked increase in the glycosuria, 
and concluded that mild irradiation caused 
an immediate conversion of the hepatic 
glycogen into glucose, thus augmenting 
the glycemia and glycosuria. No definite 


Fic. 1. Liver from Case 1, showing effects of intensive irradiation upon the lymphoid cells of 


the periportal infiltrations and upon the 


smaller bile ducts. In the upper central por- 


tion of the field are two bile ducts blocked with swollen, vacuolated necrosing Pon lng 


to the direct action of roentgen rays upon 
the liver since Seldin, and such observa- 
tions as occur in the literature are chiefly 
by French workers who were primarily 
interested in the action of roentgen rays 
upon the glycogenic function of this organ. 
Lépine and Boulud,* 1QO4, exposed portions 
of liver in vitro for half an hour to one hour; 
and concluded from their experiments that 
hepatic glycolysis was diminished by strong 
exposures, and augmented by weak ones. 
Hudellet,’ 1906-07, and Tribondeau and 
Hudellet,'® 1g07, found no_ histologic 
changes in the livers of adult rabbits 


changes in the liver-cells could be demon- 
strated microscopically. Aubertin and 
Beaujard,'!? 1909, stated that the routine 
examinations of the liver in the course of 
their many experiments as to the action 
of roentgen rays upon the blood and 
hematopoietic tissues revealed no appreci- 
able histologic changes in the liver- cells. 
They concluded Ba at there exists no posi- 
tive evidence of histologic changes con- 
cerned in the action of roentgen rays on 
the hepatic glycogenic function in the 
adult animal. Inasmuch as in certain 
intoxications (alcohol, lead, etc.) the liver 
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shows a glycogen surcharge, these ob- 
servers studied the effects of prolonged 
roentgen-ray irradiation upon a guinea-pig 
poisoned by acetate of lead through the 
gastrointestinal tract. When compared 
with another similarly poisoned guinea- 
pig of same size and weight, but not 
exposed to irradiation, the former showed 
loss of weight and a liver weighing only 


13.8 grams as compared to a large liver of 


31.2 


grams in the non-irradiated animal. 


Hall and Whipple,'* 1919, made a study 
of roentgen-ray intoxication produced by 
deep massive doses of the hard roentgen 
rays. The various theories as to the cause 
of the marked constitutional 
following such irradiation are discussed 
by these writers, and an experimental 
study of this condition produced in dogs 
was carried out. In their summary they 
conclude that the epithelium of the small 
intestine shows an especial susceptibility 


reaction 


Fic. 2 


sized bile ducts and upon the 


Histologic examination showed atrophy, 
cloudy swelling and negative glycogen reac- 
tion in the liver-cells of the irradiated ani- 
mal. They concluded from the experiment 
that massive doses of roentgen rays not 
only inhibit the development of a saturnine 
glycogenic hyperplasia of the liver, but 
cause also an atrophy of the liver-cells and 
a disappearance of glycogen similar to that 
seen in starved animals. 

Werner,'® 1910, states that after inten- 
sive irradiation the liver-cells may show 
marked histologic changes in the form of 
atrophy and fatty degeneration. 


. Section of liver from Case 1, showing effects of intensive irradiation upon the medium- 


periportal lymphoid infiltrations. 
medium-sized bile ducts in upper portion of periportal tissue. 


Complete necrosis of 


to large doses of roentgen rays and that the 
injury of these important cells may furnish 
the correct explanation of the general 
intoxication associated with the vomiting 
and diarrhea. In several of their experi- 
ments they combined chloroform intoxica- 
tion with the irradiation and concluded 
that the chloroform injury to the liver did 
not modify the reaction of the dog to 
large or small doses of roentgen rays; 
hence this is to be taken as evidence that 
the liver epithelium is not fundamentally 
involved in the fatal roentgen-ray intoxica- 
tion. They likewise could find no evidence 


as 
° 
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of roentgen-ray nephritis. In their final 
summary of the anatomical changes in 


animals dead from the constitutional 
roentgen-ray intoxication they do not 
mention the liver changes specifically 
but state that “the parenchymatous organs 
may be passed over as normal, as there are 
no constant abnormalities in gross or 
under the microscope.” Consulting their 
protocols we find, however, that the liver 
is described as negative in the first and 
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ules and are not more than two days of age.” 
In Experiments v, vi and vi there were no 
autopsy findings. In Experiment vi the 
liver was described as “deep red and 
congested,” but no microscopic changes 
are given. In the remaining experiments the 
condition of the liver does not bear upon 
the point involved, owing to the mildness 
of the constitutional reaction, or to the 
coincident chloroform poisoning, except in 
Experiment x1, in which the gross changes 


Fic. 3. Section of liver from Case 1, showing effects of irradiation upon the smaller bile ducts 


and lymphoid infiltrations. Necrosis and degeneration of epithelium of small bile ducts; in 
the upper portion of field, a syncytial giant cell in bile duct; atypical regeneration of 


biliary epithelium. 


second experiments; in the third it showed 
“a little cloudy swelling;” in the fourth 
experiment “the liver showed typical focal 
hyaline necroses probably not over 48 
hours of age.”’ This is explained as possibly 
the result of the entrance of intestinal 
bacteria to the blood stream through the 
damaged intestinal mucosa and causing the 
focal liver necroses and fatal terminal intoxi- 
cation. In their fourth experiment, the liver 
is described as “‘specked with orange-yellow 
dots and ecchymoses,”’ and on microscopic 
examination “liver shows scattered focal 
hyaline necroses which involve parts of lob- 


are described as showing no striking 
abnormalities and the microscopic sections 
as adding nothing of importance. It will 
be seen from the above that the findings In 
the liver in these experiments are some- 
what contradictory, and the assumption 
that the focal hepatic necroses in Expert- 
ment Iv are the result of bacterial action 
was not supported by any bacteriologic 
examination of these necroses. This investi- 
gation cannot, therefore, be regarded as 
conclusive in so far as the negative action 
of intensive deep irradiation upon the liver 
is concerned. 
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Czepa and Hégler,'® 1922, attacked the 
problem of the action of roentgen rays and 
radium upon the liver, from the fune- 
tional standpoint, using the galactose-test, 
Widal’s milk-test and Falta’s bile-test for 
hepatic insufficiency. The first test consists 
in om administration of 25-40 grams of 
galactose dissolved in a half liter of tea, 
taken on anempty stomach, with the collec- 
tion of the urine for 24 -hours, and the 
quantitative determination of the galactose 
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occurs a marked fall in the leucocytes 
even to half of the normal, a lowering of 
the refractometric index, quickened coagu- 
lation, and lowering of the blood pressure. 
Falta’s bile-test consists in the adminis- 
tration of 3 grams of dried bile (fel tauri 
depuratum siccum) on either a fasting or 
full stomach, and the urine (either fresh 
or kept in the dark) is then examined every 

hours during the next 12-24 hours. 
Only slight traces of urobilinogen are found 


Fic. 


Effects of intensive irradiation upon the interlobular tissues of liver from Case 1. 


Reaves and degeneration of bile ducts with syncytial regenerative epithelial formations. 


Necrosis of lymphosarcoma infiltrations with regeneration. 


In the lower left-hand corner 


a medium-sized bile duct with nearly complete necrosis of its epithelium; its lumen blocked 


by swollen and vacuolated cells with poorly-staining nuclei 


excreted. An amount of over 3 grams is 
considered as proof of a damaged liver 
parenchyma. The Widal milk test is carried 
out by the administration of 200 c.c. 
milk on a fasting stomach, while during 
the next hours, at intervals of 10-20 
minutes the leucocyte count is taken, the 
albumin content of the blood-serum esti- 
mated by the refractometer, the blood 
pressure taken and the coagulation-time 
of the blood determined. In cases of func- 
tional disturbances of the liver there 


of 


, and syncytial cell formation. 


in the urine of normal individuals. The 
appearance of any well defined amount of 
urobilinogen in the urine is pathologic, 
indicating that the liver-cells are either 
inadequate to take care of the normal 
amount of urobilinogen, or that as the 
result of an increased red-cell destruction 
the normal functional capacity of the 
liver is exceeded. In normal individuals 
and in conditions in which the liver is not 
involved the administration of 3 grams 
of bile is not followed by the appearance 
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of urobilinogen in ponderable amounts. 
In diseases in which the liver parenchyma 
is involved, as atrophic and hypertrophic 
cirrhosis, catarrhal jaundice, syphilitic 
hepatitis, hemolytic jaundice, congested 
liver, chloroform narcosis, and in alcohol 
and salvarsan poisoning, the bile-test is 
always positive and runs parallel with the 
milk test. Czepa and Hégler applied these 
tests to patients before and after abdominal 
irradiation with roentgen rays or radium. 


constitutional symptoms continued, and 
became negative when the latter subsided. 
They regard this as further evidence of 
the close association between the distur- 
bance of hepatic function and the roentgen 
intoxication. They also point out the close 
resemblance between the general symp- 
toms of the latter condition and those of 
chloroform narcosis and alcohol intoxica- 
tion. They advance no hypotheses as to the 
nature of the hepatic injury; whether a 


Fic. 5. Higher power view of detail of Figure 4. Medium-sized bile duct filled with degenerating 
and swollen vacuolated epithelium, and syncytial cell formations. Chromatin fragments 
in liver cells at periphery of lobule. Numerous disintegrated lymphoid cells. 


In 10 cases so treated these tests were 
negative before irradiation and_ positive 
after it. All 10 of these cases showed marked 
roentgen-ray intoxication. In 1 case the 
tests were negative both before and after 
irradiation, and this case showed no 
evidences of roentgen-sickness. In another 
case, one of leucemia, the tests were 
weakly positive before radium irradiation 
and strongly positive afterwards. The 
autopsy on this case showed metastases 
and fatty degeneration of the liver. These 
observers also found that the bile and milk 
tests remained positive only as long as the 


direct action of the rays upon the liver- 
cells or an indirect one they do not attempt 
to decide. 

Warren and Whipple,'® 1923, published 
a series of four papers on roentgen-ray 
intoxication from the point of view of the 
specific effect of roentgen rays upon the 
intestinal epithelium. In the first of these 
papers they refer to their work published 
In 1919, with reference to the occurrence of 
focal necroses in the livers of some of the 
dogs dying of roentgen-ray intoxication. 
In that paper they explained the hepatic 
focal necroses as possibly the result of the 


entrance of intestinal bacteria into the 
blood stream as the result of the injury 
to the intestinal epithelium. In the present 
paper they state that an overwhelming 
invasion of the tissues, lymph, and blood 
by intestinal bacteria does not take place 
after roentgen-ray destruction of the 
intestinal epithelium. They, therefore, con- 
clude that the intestinal epithelium is not 
the all-important barrier which protects 
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In 3 cases of abdominal malignancy 
treated by Dr. Case at the Battle Creek 
Sanitarium, with massive deep roentgen- 
ray irradiation, there were found at au- 
topsy remarkable lesions in the liver, of 
such a type and distribution, as to make 
it practically certain that they were the 
direct result of the irradiation. The treat- 
ments, varying in number and distribution 
over the period of time, were given in 50 


to 100 minute exposures, at 50 to 70 cm., 


Fic. 6. High power detail of Figure 4. Bile ducts with syncytial multinucleated regenerative 
epithelial masses; other small bile ducts with completely necrosed epithelium. 


the tissues from invasion by intestinal 
bacteria. In explanation of the hepatic 


necroses they now state that there is 
ground for argument to the effect that they 
are the result of an invasion from the 
respiratory tract due to the severe intoxi- 
cation, constant vomiting and low resis- 
tance. They found no similar lesions in their 
more recent series of dogs, and no focal 
necroses in the organs of a considerable 
series of rats and other animals exposed 
to roentgen rays. It must be remembered, 
however, that no proof was given that the 
hepatic focal necroses seen in the first 
series were in reality due to bacteria. 


through 1 mm. Cu plus 5 mm. sole leather, 
and 1 


mm. Al filter, with an effective 
voltage of 200,000. The milliampere- 
minutes of irradiation will be given in 


connection with each case. 

Case Patient of Drs. A. W. Crane 
and J. B. Jackson of Kalamazoo, Michigan. 
Male, aged thirty-seven, presenting rather 
vague abdominal symptoms for over six 
years, with progressive pigmentation of 


the skin during the last four years of this 
time, and enlargement of the lymph nodes 
during the last year. Biopsy examined by 
Dr. Warthin showed generalized |ympho- 
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sarcoma. The patient grew progressively 
weaker and finally became bed-ridden. He 
was then referred to Dr. ¢ 
deep therapy, and the 
ments were given by him. 


‘ase for Intensive 
following treat- 


200,000; 50 cm. distance; 1 mm. Cu and 
mm. Al filter. 

I1-I-II Head and neck 300 ma. min. 
region 

11-2-22 Right axillary 400 ma. min. 
region 

11-3-22___ Left axillary 400 ma. min. 
region 

11-4-22 Left cervical 300 ma. min. 
region 

11-6-22 Right cervical 300 ma. min. 
region 

11-7-22 Right inguinal 300 ma. min. 
region 

11-8-22 Left inguinal 300 ma. min. 
region 

11-g-22  ~Liver and right 200 ma. min. 
adrenal 

11-10-22 Left abdominal 
and left ad- 200 ma. min. 
renal 

11-11-22 Abdominal 
lymph nodes 400 ma. min. 

The patient developed marked symp- 
toms of roentgen-ra\ sickness, and the 
treatments were discontinued. He grew 


rapidly worse, developing a 
pleuritis and pneumonia, and died on 
November 22, ten days after the last 
treatment. The autopsy was performed by 
Dr. Warthin. The full protocol of this case 
is given in the report by Drs. Warthin, 
Crane and Jackson. As the object of this 
paper is to present a study of the hepatic 
changes, the following condensed summary 
of the autopsy examination is given here, 
in the form of the pathological diagnosis. 

Pathological Diagnosis. Generalized aleu- 


right-sided 


cemic lymphoblastoma (lymphosarcoma) 
primary the retroperitoneal lymph 
nodes; pressure atrophy of solar plexus 


and adrenals; extreme melanodermia 


aty p- 
ical Addison’s); 


roentgen-ray necroses In 
lymph nodes, liver and gastro-intestinal 
tract; phagocytosis of chromatin particles 
by reticulo-endothelial system; terminal 


Effective voltage 
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hemorrhagic, necrotic pneumonia and fibri- 
nopurulent pleuritis; chronic parenchym- 
atous nephritis; arteriosclerosis; cerebral 
infarctions with liquefaction; thymico-lym- 
phatic constitution; aspermatogenesis. 

Effects of the Irradiation. The lympho- 
blastomatous nodes, both the peripheral 
regional nodes and the large retroperitoneal 
masses, as well as the periportal lymphoid 
infiltrations of the liver, showed well- 
marked evidences of the irradiation. Areas 
of simple necrosis were numerous through- 
out the atypical lymphoid tissue of these 
nodes, presenting hyaline areas com- 
posed of dead cells showing no chromatin 
staining. Between these areas lymphoid 
cells in varying stages of karyorrhexis and 
karyolysis were present; and the reticulo- 
endothelial cells of the stroma appeared 
as phagocytes containing nuclear chroma- 
tin and remains of disintegrating lymphoid 
cells. Similar phagocytes so loaded occurred 
in numbers in the region of the peripheral 
sinus beneath the original capsule of the 
nodes, as well as in the reticulum of 
the adipose tissue around the nodes. The 
reticulo-endothelial system throughout the 
entire body showed phagocytosis of chro- 
matin granules; particul: arly in the Kupffer 
cells of the liver is such a phagocytosis seen 
in a marked degree. 

The nuclear disintegration and necrosis 
of the atypical lymphoid cells of the 
lymph node tumors and _ periportal 
lymphoid infiltrations of the liver are the 
well-known and characteristic results of 
irradiation. During the ten days between 
the last irradiation and the death of the 
patient an enormous amount of disin- 
tegrated chromatin entered the circulation 
and was taken up by the 
endothelial cells. In the lymphoid tissue, 
about the necrotic areas, but scattered 
throughout the entire tumor-masses, were 
great numbers of mitotic figures, 
a reactive proliferation 
injury. 

The mucous membrane of the stomach 
and small intestine showed marked mucoid 
degeneration which may be ascribed also 
to the irradiation. The possibility of an 


ret iculo- 


showing 


following the 


injury to the lungs and pleure, as well as 
to the terminal epithelium, 
considered. 


must also be 
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Hepatic Changes. The liver of this 
yatient presented a most striking and 
utherto undescribed pathological picture 
that we think can be explained only as a 
direct result of the irradiation. The charac- 
teristic lymphoid infiltrations of the 
periportal tissues of generalized lympho- 
sarcoma for a distance of 4 to 6 cm. 
beneath the capsule of the anterior surface, 
and to a less distance beneath the capsule 
of the posterior surface showed the same 
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tion, and numerous mitoses in the living 
cells about these areas. The picture is the 
same as in the irradiated lymph nodes. In 
the thickest portions of the liver the 
marked effects of irradiation extend about 
4 to 6cm. beneath the capsule. The phago- 
cytosis of chromatin granules seems some- 
what more marked in this area than 
throughout the liver as a whole, although 
seen everywhere. From the characteristic 
effects upon the lymphoid infiltrations 


Fic. 7. High power view of another interlobular island from Case 1, showing necrotic smaller 
bile ducts and multinucleated syncytial regeneration-form of epithelium in medium-sized 


bile duct. 


results of the irradiation as seen in the 
lymph-node tumors, in the form of necrosis 
and disintegration of the lymphoid cells. 
At the lower edge of the liver this effect 
upon the periportal infiltrations was most 
marked and extended entirely through the 
thickness of this part of the liver. In some 
of the periportal infiltrations near the 
capsule of the lower border the lymphoid 
cells had been nearly wholly destroyed 
leaving a nearly homogeneous, hyaline 
stroma. Deeper in the liver tissue the 
lymphoid cells of the infiltrations show 
localized areas of necrcsis and degenera- 


alone, it can be said with certainty that 
the irradiation has been especially potent 
within those portions of liver in which 
these changes occur. The periportal tissues 
show the usual connective tissue hyper- 
plasia of generalized lymphosarcoma (cir- 
rhosis lymphosarcomatosis). 

In the portions of the liver in which the 
lymphosarcomatous infiltrations of the 
periportal connective tissue show the great- 
est degree of necrosis due to the irradiation, 
the medium and smaller bile ducts show 
marked changes, varying from complete 
necrosis of the epithelium to the formation 


) 
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of syncytial giant cells replacing the 
latter and blocking the lumen. In any of 
the periportal islands near the capsule 
the greater part of the lymphoid cell infil- 
tration is necrotic, few living cells being 
left through the connective tissue, which 
appears swollen and hyaline. In this hya- 
line connective tissue the outlines of ne- 
crotic bile ducts and blood vessels can be 
seen. The bile ducts show hvaline, swollen 
walls; their lumina are filled with granular 


change, as shown in Figure 1, the portions 
of the periportal islands nearer the surface 
showing the greatest degree of necrosis of 
lymphoid cells and bile ducts. In the more 
cellular areas evidences of regeneration of 
lymphoid cells are shown in the numerous 
mitoses present. In these regenerating 
lymphoid areas necrotic bile ducts. still 
persist, the great majority showing no 
signs of regeneration. At a depth of 1 to 2 
liver lobules more the bile ducts begin to 


Fic. 8. Higher power view of syncytial epithelial giant cell seen in Figure 7. 


or vacuolated, swollen or desquamated 
cells that show no nuclear staining at all, 
or present nuclei in varying degrees of 
chromatin disintegration. In many of the 
eriportal islands no living bile ducts can 
xe found; they are discoverable only 
through their outlines. The branches of 
the hepatic arteries show also hyaline 
swelling of their walls with marked endo- 
thelial necrosis, the swollen hyaline or 
granular cells blocking the lumen in whole 
or In part. 

Passing deeper into the liver the zone 
of most marked effect of the irradiation 
upon the lymphoid-cell infiltrations 
appears as a fairly sharply demarcated 


show epithelial cells with some nuclear 
staining. The lumen of the duct is in many 
cases filled with a syncytial multinucleated 
giant cell. Longitudinal and serial sections 
of such bile ducts show that these syncytial 
formations fill up the ducts for some 
distance (Figs. 2, 3, 4). Few of the bile ducts 
in this zone retain their cuboidal or colum- 
nar epithelium. When they do the nuclei 
stain lightly and are strikingly vacuolated. 
The contrast to the normal deep staining 
of the nuclei of these smaller bile ducts is 
very striking. The outlines of the individual 
cells are lost; no mitoses are present, and 
the syncytial masses appear as giant cells 
of the symplasm type resulting from the 


| 
6... 
j 
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fusion of injured cells, or as regenerating 
amitotic syncytial giant cells in the case of 
those in which the nuclear chromatin is 
deeply staining. All of these transition 
stages of injury and regeneration of the 
bile duct epithelium can be seen in the 
same periportal island. The degenerative 
and necrotic forms are most abundant 
where the necrosis of the lymphoid cells is 
most marked; the regenerating forms are 
most abundant where the lymphoid cells 
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the lymphoid tissue and in the bile ducts 
as well as the character of the injury to 
both, and the association of regenerative 
changes in both tissues makes this practi- 
cally certain. Such changes in the bile duct 
occur in no other pathological conditions 
of the liver; they can be associated with 
no other known etiology; they are not a 
part of generalized leucemic or aleucemic 
lymphosarcoma. We have no other alterna- 
tive but to conclude that the unusual 


Fic. 9. Periportal infiltration from interior of right lobe of liver from Case 1, showing but littl 
effect of the irradiation upon the lymphoid cells. The epithelium of the bile ducts shows 
normal form and arrangement, but the nuclear chromatin stains less deeply than normal. 


are regenerating, as shown by the numer- 
ous mitoses. 

The liver cells at the periphery of the 
lobule show much less change than the 
bile ducts. Fragmentation of the chro- 


matin, vacuolation and hyaline necrosis of 


the peripheral liver cells show in some 
lobules, but are not constant or striking. 
The reticulo-endothelial cells at the periph- 
ery of the lobule show much phagocy- 
tosis of chromatin fragments. 

The microscopic findings in this case 
cannot be interpreted other than as the 
results of the irradiation. The parallel 
occurrence of the intensity of change in 


hepatic changes in this case are the result 
of the intensive irradiation. The nature of 
the changes in the small bile ducts, both 
as to the injury and the regenerative 
processes in the biliary epithelium is iden- 
tical with that of intense roentgen-ray 
injury in other epithelial tissues; and the 
degree of regeneration is proportionate to 
the period of time elapsing between the 
last treatment and the death of the patient. 
The type of the epithelial regeneration is 
in itself characteristic of roentgen-ray 
lesions. We feel confident that we must 
conclude from the study of this case that 
an intensive irradiation of the liver in 


the. 
‘ 
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generalized lymphosarcoma, sufficient to 
cause necrosis of the lymphoid cells in the 
periportal infiltrations, has also an injuri- 
ous action upon the epithelium of the 
smaller bile ducts, as well as upon the 
endothelium of the smaller blood vessels 
of the interlobular tissue. 

Case ul. Mrs. J. B., aged fifty-four, 
had been well all through her life until the 
autumn of 1921 when she began to have 
pain in stomach coming on one hour after 
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1923, she had a roentgen-ray examination, 
and was told that the stomach condition 


was all right. By April, 1923, her weight 
had fallen to 116 lb., and her symptoms 
were much increased. She entered Dr. 


Case’s clinic at the Battle Creek Sanitar- 
ium on April 13. Examination showed a 
pendulous abdomen, sensitive epigastric 
region, enlargement in region of left lobe 
of liver, very tender on pressure, moderate 
anemia, no blood in stools, no jaundice. 


Fic. 10. Liver from (¢ 
the epithelium 
cytoplasm 


Il, showing 
is irregular size 
basophile). 
lvmphocytes and plasma cells. 
degenerative changes. 


eating. Her normal weight was 225 |b. 
She began to lose weight, and the stomach 


distress increased. diagnosis of gastric 


ulcer was made, and on Feb. 2, 1922, 
gastroenterostomy was performed. She 


recovered quickly and her weight rose from 
164 to 179 lb. In October, 1922, she had 
an attack of diarrhea lasting six weeks. 
She lost appetite, had occasional cramping 
pains in her abdomen, attributed to gas, 
and weight began to decrease. By Decem- 
ber, 1922, the pain was much increased by 
eating, and she ate very little. In January, 


atypical regeneration of the epithelium of the bile ducts: 
ind form, shows vacuolations and deeply staining 
Periportal connective tissue Is edematous, 
Livery cells 


and infiltrated with 


at periphery of lobule show atrophy and 
Roentgen examination showed a_ filling 


defect in the pyloric end of the stomach, 
the barium all passing through the gastro- 
enterostomy opening, none through the 
pylorus. The liver was somewhat enlarged. 
A diagnosis of primary carcinoma of 
pylorus with probable secondaries in liver 
and pancreas was made by Dr. Case, and 
from April 25 to May 2, 1923, she was 
given intensive deep irradiation through 
four large areas in the region of the stomach 
and liver. She received a total of 1900 
ma. min:—1400 ma. min. of irradiation 


= 


through 1 mm. of copper and 1 mm. of 
aluminium, at a distance of 70 cm., and 
500 ma. min., other conditions the same, 
at a distance of 50 cm., with an effective 
voltage of 200,000. With the first applica- 
tion considerable nausea developed which 
persisted through the period of treatment 
and culminated in a marked diarrhea. 
After cessation of treatments her appetite 
improved somewhat, but the pain continued 
and was increased at night. 
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symptoms increased until death on August 
9, 1923. It is very interesting that she had 
no more pain after her second irradiation 
up to the time of her death. 

Autopsy performed by Dr. B. N. Colver 
of Battle Creek showed extreme emaciation 
of the body, a low-grade subacute plastic 
peritonitis with adhesions between omen- 


tum, stomach and gall-bladder region. 


There were no stones in gall-bladder, which 
was great ly 


distended. Liver was very 


Fic. 11. Dilated bile duct from liver of Case 1, showing atypical regeneration of the epithelium 
with blocking of the duct. Dark mass in duct is bile. Smaller bile ducts show vacuolation 


of epithelium. 


A second series of roentgen treatments 
was given May 31 to June 2, a total of 
goo ma. min., under the same conditions 
as above, at 50 cm. distance. To these 
treatments she showed the same reaction 
of marked nausea; but in the two weeks 
following the irradiation she was more 
comfortable than she had been before. 
Skin over the irradiated area became pig- 
mented. Liver became much _ enlarged 
extending a hand’s breadth below the level 
of the ribs. By July 8 bile pigment appeared 
in urine, stools at times clay-colored, at 
intervals bloody, and slight icterus of skin. 
Emaciation continued to progress; all 


large, dark purple in color, with numerous 
bile stained spots beneath the capsule, 
most marked in the left lobe. The pyloric 
portion of the stomach was infiltrated with 
a soft friable carcinomatous growth, ex- 
tending entirely through the wall in the 
region of the lesser curvature and into the 
adherent omentum. No metastases in 
liver, pancreas, peritoneum or lymph 


nodes. The gastroenterostomy opening 
was not involved in the carcinomatous 
infiltration. 


The autopsy material was sent to Dr. 
Warthin for microscopical study. The 
pyloric portion of the stomach was infil- 


~. 
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trated with an adenocarcinoma showing 
large areas of necrosis. The carcinomatous 
infiltration extended entirely through the 
stomach wall to the serosa. The gastric 
mucosa showed an extraordinary degree 
of mucoid degeneration, atrophy of glands 
and necrosis with inflammatory reaction; 
much of the mucosa presented the appear- 
ance of multiple, relatively recent, peptic 
ulcers and erosions. The confluence of such 
ulcers gave large areas covered with a 
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ation and necrosis of the endothelium, and 
obliteration of the lumen of many. Swelling 
of the wall with hyaline change was present 
in many of the larger vessels. The involun- 


tary muscle showed nuclear vacuolations 
and karyorrhexis with atrophy. The 
serosa of the stomach showed a_ sub- 


acute proliferative peritonitis of a low 


grade of cellular infiltration and_pro- 


liferation. No bacteria were found on the 
peritoneum. 


Fic. 12. 


Periphery of liver lobule from Case 11, showing atypical regeneration of bile ducts, 


atrophy and degeneration of liver cells, edema and inflammatory infiltration of periportal 


tissues. 


diphtheritic necrotic surface which 
large colonies of bacteria (colon bacilli) 
were present, but there was no purulent 
reaction in the stomach wall, and relatively 
slight reparative proliferation. In some 
areas the necrosis extended _ entirely 
through the wall to the serosa. The his- 
tological appearances were those of a 
slowly progressive necrosis of the gastric 
mucosa and stomach wall with secondary 
digestion of the surface of the dead area, 
and a limited inflammatory reaction and 
reparative proliferation about the injured 
areas. The blood vessels showed degener- 


The duodenum and neighboring portions 
of small intestine showed similar marked 
necrotic lesions with ulcer formation, as in 
the stomach. The epithelium of pancreatic, 
common and larger bile ducts, as well as 
that of the gall-bladder showed marked 
mucoid or vacuolar degeneration, atrophy 
or necrosis, with low-grade inflammatory 
reaction of the wall. The cells of the pan- 
creatic acini were atrophic. No calculi or 
infective processes found in the biliary 
or pancreatic ducts. In the necrotic surface 
of the ducdenal ulcers numerous colonies 
of colon bacilli were present, but there was 


| 


no purulent reaction to these in the intes- 
tinal wall. The entire peritoneum of the 
irradiated area showed the same low-grade 
proliferative peritonitis seen on the serosa 
of the stomach. 

The capsule of the liver presented over 
the left lobe and lower portions of the right 
lobe the same type of peritonitis. In the 
liver tissue and extending for several centi- 
meters below the capsule there were 
numerous greenish-yellow mottlings in the 
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in the epithelium, in the form of atrophy, 
altered form, vacuolation, altered staining 
reaction and syncytial regeneration forms. 
The normal columnar and cuboidal epithe- 
lium was replaced by irregularly swollen 
cells or by flattened masses of epithelium. 
The clear cytoplasm of the normal epithe- 
lium was replaced by a cytoplasm more or 
less basophilic. The shape of the smaller 
bile ducts was more irregular, and there 
was a definite increase in their number, 


Fic. 13. Periportal tissues from liver of Case 1, showing picture of subacute hepatitis with 
atypical bile ducts, and inflammatory infiltration. 


interlobular tissue. On microscopic exam- 
ination these gave the appearances of 
so-called bile hemorrhages in the peri- 
portal tissues, which were edematous and 
showed inflammatory infiltrations, partly 
polynuclear but chiefly lymphocytic in 
character. The bile hemorrhages occupied 
the site of necrotic medium-sized bile 
ducts, dilated at the location of the mass 
of bile pigment, but filled both above and 
below the dilatation with atypical regen- 
erating epithelium. At the point of rupture 
the epithelium was necrotic or showed 
marked atrophy and vacuolation. The 
smaller bile ducts showed marked changes 


and some attempt at regeneration of liver 
cells occurred at the periphery of the 
lobules. The bile “crcl sient were not in 
abscesses. No bacteria were present in 
any of them. The areas were softened, 
semifluid, and the cells of the area sepa- 
rated by fluid spaces. Around the majority 
of the areas regenerating epithelium was 
present in a narrow layer. The liver cells 
were atrophic, particularly at the periph- 
ery of the lobules and showing a con- 
centric arrangement about the interlobular 
islands as if compressed by pressure in the 
islands. Degenerating and necrotic liver 
cells also occurred at the periphery of 
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the lobules. No dilatation of the intra- 
lobular bile capillaries was seen, and no 
collection of bile pigment within the 
lobules. The central veins and capillaries 
showed marked congestion. No carcinoma- 
tous metastases were found in the liver. 
Serial sections proved conclusively that the 
atypical bile ducts were not carcinoma 
metastases In early stage of development. 

The thorough study of this case leads us 
to conclude that the pathological findings 


roentgen intoxication. As compared to 
Case 1, in-which the abdominal irradiation 
was less extensive and the period between 
the last treatment and death short, the 
second presents two periods of irradiation 
with marked reaction following each, with 
death a little over five weeks after the 
last treatment. 

Case ut. Dr. O. C. L., aged fifty-four, 


admitted to Dr. Case’s clinic, January 3, 
1922. 


Mother died of carcinoma of liver, 


Fic. 14. Small interlobular island from liver of Case 111, showing atypical epithelium of small 
bile ducts. 


are those of a deep-seated roentgen-ray 
“burn” involving stomach and intestinal 
mucous membranes, peritoneum and the 
epithelium of the pancreatic and _ biliary 
tracts, particularly that of the smaller 
intrahepatic bile ducts. While the relation 
of the hepatic changes to the irradiation 
cannot be clearly shown as in Case 1, their 
localization and characteristic features and 
association with the gastric and intestinal 
lesions, arid absence of other etiologic 
factors make it practically certain that 
they constitute a factor in the roentgen 
injury, and hence must be reckoned with 
as a possible factor in the production of 


mother’s two sisters also died of carcinoma, 
and a brother of patient died of carcinoma 
of stomach. In good health until about 
November 10, 1921, when he began to have 
severe stabbing pains in the region of the 
ensiform, less noticeable when stomach 
was full, and apparently aggravated by 
driving his automobile when his stomach 
was empty. Pain was paroxysmal, radiat- 
ing up left side in the cardiac region, and 
occurred usually several hours after eating. 
Had no nausea or vomiting, and appetite 
remained good. Eating seemed to give 
some relief, soda none whatever. In a few 
weeks he began to lose weight. About the 
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1st of December a thorough examination 


of gastrointestinal tract was negative. 
Later a fractional gastric test showed 
absence of free HCl. An_ exploratory 


operation was advised, and this was carried 
out by Dr. Ross of Indianapolis, with 
resulting diagnosis of carcinoma of the 
pancreas. He was referred to Dr. Case for 
deep irradiation. When admitted to Dr. 
Case’s service he was only 6 to 7 lb. under 
weight; his skin was sallow and dingy; no 
special tenderness over the abdomen out- 
side of the recent operation area; liver and 
splenic dulness normal. 

On January 4, 5 and 6, he received three 
treatments of goo ma. min. each, ante- 
riorly, posteriorly and on the right side, at 
50 cm., with 1 mm. Cu and tt mm. Al, 
with an effective voltage of 200,000. 
Following the exposure he had chills, 
fever, vomiting, anorexia, flatulence and 
malaise, the usual picture of roentgen 
sickness. His severe stabbing pains disap- 
peared. Ten days after the exposures the 
skin over the abdomen and right lumbar 
region developed an intense erythema with 
blebs and pustules. During February, 
1922, his general condition improved. On 
March 7 he returned for further treatment, 
which was given as before; a total of 2700 


ma. min. in three treatments over the 
same regions, other conditions being the 


same. His general condition remained fairly 
goo d, and “he took a Western trip, return- 
ing on July 7. The roentgen examination 


suggested an enlargement of the head of 


the pancreas. Duodenal contents showed 
macroscopic blood. On July 10 he received 
600 ma. min. over the left side posteriorly, 
and on the 11th, 600 ma. min. over the right 
posteriorly, both at 50 cm. On the 13th he 
received 1600 ma. min. anteriorly at a 
distance of 70 cm. After the last treat- 
ments he had no skin reaction, but had 
profuse watery discharges of bloody mucus 
and severe rectal tenesmus. During Sep- 
tember and October he had _ several 
hemorrhages from stomach and intestine, 
intermittent diarrhea and epigastric pain. 
On November 18 a gastroenterostomy was 
performed by Dr. Case. At the operation 
the stomach wall was found involved in an 
indurated lesion adherent to liver and 
pancreas. On December 1, the patient died. 
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The autopsy was performed by Dr. Case 
who found an apparently primary carcin- 
oma of the posterior wall and lesser curva- 
ture of the stomach. In the head of the 
pancreas were a number of moderate 
sized hard nodules, but the remainder of 
the organ was not involved. The left halt 
of the liver, pancreas, stomach, duodenum, 
portions of jejunum and transverse colon 
were removed and sent to Dr. Warthin. 
In the colon and lower portion of the ileum 
there were found numerous superficial 
erosions of the mucosa. 

The microscopic study of this materia! 
showed a primary diffusely infiltrating 
scirrhous adenocarcinoma of the stomach, 


extending entirely through the stomach 


wall into the head of the pancreas and 
surrounding tissues. Portions of the neo- 


plasm showed marked necrosis and ulcera- 
tion. The mucosa of the stomach in the 
portions not infiltrated by the carcinoma 


presented marked atrophy of the glands, 


with mucoid degeneration and vacuola- 
tion, with localized erosions and necroses 


These changes are compatible with the 
effects of irradiation. The lymph follicles 
of the mucosa were very ieee. In the 
intestines the mucosa showed marked 
atrophy and mucoid degeneration of the 
epithelium, with many erosions of the 
superficial portions of the villi that were 
regarded as localized post mortem diges- 
tions. The lymphoid tissue of the intestine 
showed extreme atrophy. These changes 
also are compatible with irradiation. The 
entire intestinal tract was markedly con- 


gested. The pancreatic ducts, common 
duct and larger bile ducts presented 


marked mucoid degeneration and atrophy 
of the epithelium. The pancreatic acini 
were very atrophic, and many of the is- 
lands of Langerhans were fibroid. Inflam- 
matory infiltrations of moderate degree 
occurred in the interlobular connective 
tissue and around the ducts. The gall- 
bladder contained 24 small stones, and 
the wall was thickened. The peritoneum of 
the entire area showed a_ proliferative 
subacute peritonitis with areas of fibrinous 


exudate. Metastases of the carcinoma 
were found only in the head of the 
pancreas and in suprapancreatic 


ymph nodes. 
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The left half of the liver 
thickened capsule anteriorly. 
capsule and extending for several centi- 
meters into the liver tissue the periportal 
islands presented the ot a 


sh ed a 
Beneath the 


chronic hepatitis of the type of a biliary 
cirrhosis. The liver lobules Were small, 
the liver cells atrophic, and many new 


atypical bile ducts were 
interlobular tissue. This 
blastic proliferation inflammatory 
infiltration. The larger bile ducts 
vessels were destroyed or obliterated, 
the smaller bile ducts showed an atrophic 
and vacuolated epithelium. Few of them 
presented the normal cuboidal or columnar 
epithelium. No icterus was present, and 
no bile hemorrhages. In the deeper portions 
of the liver the appearances of cirrhosis 
were much less marked than towards the 
capsule. 

It is much more diflicult in this case to 
make a positive statement as to the part 
plaved by the irradiation in the production 
of the hepatic changes. The longer period 
of time, and the greater opportunity for 
repair would tend to produce such a condi- 
tion as is found here, a stage of chronic 
hepatitis with fewer evidences of recent 
damage to the hepatic tissues. The fact 
that the cirrhosis is not a generalized condi- 
tion, but is more marked in the left lobe 
and in the peripheral portions of the organ 
would appear to be a differential point of 
some importance in deciding that the 
irradiation was a factor in producing these 
changes. The most important point, how- 
ever, that leads us to attribute the hepatic 
changes to the irradiation is the atypical 
appearance of these new-formed bile ducts. 
In hepatic cirrhosis they appear in sections 
as columns or cords of deeply staining 
cuboidal or columnar cells in uniform size 
and orderly arrangement. They represent 
an attempt at liver cell regeneration; and 
degenerative changes in the epithelium 
of these new bile ducts of the kind and 
degree shown in these 3 cases is never 
found in the usual forms of cirrhosis. It is 
the delayed, imperfect and atypical char- 
acter of the regenerative attempts after 
irradiation that constitutes the strongest 
differential diagnostic point. The earlier 
the microscopic study is carried on after the 


present in the 
showed fibro- 


and 
and 
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irradiation the easier will be the diagnosis, as 
in our first case; the longer the period 
between irradiation and such study the 
more difficult will be the differential diag- 
nosis because of the more advanced healing 
and secondary inflammatory condition. 
The same thing is true of the degenerative 
and necrotic changes in the gastrointestinal 
mucosa. 
CONCLUSIONS 


Our study of these 3 leads us 
to believe that intensive deep roentgen 
irradiation of the abdomen of a degree 
producing well-marked roentgen sickness 
produces lesions not only in the gastro- 
intestinal mucosa but also in the epithe- 
lium of the biliary tract, particularly 1 
the medium and smaller sized bile ducts. 
This injury is shown by the vacuolation, 
swelling and necrosis of the epithelial 
cells of these ducts, and by a slow and 
atypical regeneration, attended by the 
formation of syncytial giant cells, blocking 
of the ducts, resulting bile stasis and bile 
hemorrhage. Some injury to the liver cells 
at the periphery of the lobules is also 
produced, but the microscopic appearances 
of this are much less evident than those of 


Cases 


the damage to the bile ducts. The liver 
cells appear to be more resistant to the 


irradiation than the bile duct epithelium. 
The disturbance of hepatic function after 
irradiation noted by the observers cited 
above may be explained by the changes 
found in these The hepatic as well 
as the gastrointestinal injury must be 
considered as a possible factor in the pro- 
duction of roentgen sickness. 

Note. Since this paper 
for publication, we have noticed in an 
article by E. Wetzel on “ Roentgenschidig- 
ungen mit und ohne Beteiligung der Haut” 
(Strahlentherapie, 1921, xll, 585), an ob- 
servation of extensive necrosis of the left 
lobe of the liver following roentgen irradia- 


Cases. 


was submitted 


tion for carcinoma of the stomach. Two 
treatments, about five weeks apart, were 
given; filter 3 mm. Al; 160 kv.; 23'cm. 


distance; 40 ma. min. At the second treat- 
ment an additional 50 ma. min. exposure 
was given over two fields from the back. 
No skin irritation followed$either treat- 
ment. The patient did not react well to the 
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second treatment, and died fourteen days 
later. At autopsy the left lobe of the liver 
showed on its under surface a large funnel- 
shaped area of necrosis almost perforating 
the thin lobe. The fact that the left lobe 
was involved while the right lobe 
escaped was explained by inequalities in 
the tubes. 

E. C. Dodds and J. H. D. Webster 
(Lancet, March 15, 1924, p. 553) have 
studied the metabolic changes associated 
with roentgen-ray and radium treatment, 
and found that irradiation of the abdom- 
inal region produced urinary changes 
explainable on the grounds of a temporary 
of thie of the lever, 
creas and kidneys. There occurred a fall in 
the urea content of the blood, which the 
authors think may be brought about by the 
temporary inhibition of the metabolic 
functions of the liver. 
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| T seems not at all improbable that the 
solution of many of the radiothera- 
peutic problems of the future will depend 
upon the cooperation of the radiologist 
and phy siological chemist. Roentgen sick- 
ness and the ultimate effect of radiation 
upon the normal tissues of the human body 
are conditions which must be solved 
rational progress in the treatment 
disease by radiation is to continue. 

Many have accepted the cause of roent- 
gen sickness as due to the 
toxins eliminated by the 
tumor tissues. 
the physical properties of radiation, the 
qualitative and quantitative absorption 
in tissues and the morphological changes 
produced by radiation, but no substantial 
information has been obtained for 
against the action of the patient’s serum in 
combating cancer. 

Opitz, as well as Tryfus has shown that 
if a malignant tumor Is irradiated and the 
blood of the patient taken during the reac- 
tion and injected into another 
suffering from cancer cachexia, the latter 
will show marked improvement. Kolmer 
believes that anti-tumoric forces exist In 
the human body. Wells finds evidence 
which supports the inference that in man 
as well as in animals the susceptibility to 


degenerating 


or 


patient 


cancer behaves as an inherited recessive 
character. It has been suggested that sol- 


vent groups of anesthetics destroy an 
individual’s resistance or Immunity to 
cancer. 

In the consideration of this subject, 


many questions arise. For example: What 
effect has radiation on the chemical altera- 
tion of the secretions? What ts the explana- 
tion of blood changes in leucemias and 
Hodgkin’s disease following treatment and 
why do these conditions respond to a 
manifold variety of techniques? In the 
treatment of lymphosarcoma, why do the 
glands located at a distant point decrease 
in size, as observed by Vaughan and others? 
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Such remote effects of radiation on tissues 
point to a constitutional effect. 

A true explanation of roentgen sickness 
may unearth the true and ultimate effects 
of radiation on living cells. Roentgen sick- 
ness has been observed in varying degrees 
in the same patient and also in cases 
treated for all varieties of disease amenable 
to radiation, including everything from acne 
and ‘“‘tonsils” to superficial and deep- 
seated malignant disease, in doses varying 
from 25 to 100 per cent of an erythema 
dose. It is not necessary to destroy tissue 
as was done by Warren and Whipple in 
their experiments on dogs, in order to 
produce roentgen nausea, nor is it always 
necessary to treat to the point of skin 
destruction to destroy cancer which is 
susceptible to radiation. What can be the 
explanation for the response of malignant 
disease to radiation in one instance and 
total failure in another case presenting 
identical clinical and histological features? 
Since malignant disease behaves differently 
under radiation, are the favorable cases 
due to characteristics in the host, or are 
there inherent peculiarities in the cancer 
cells? 

We have assumed an explanation of some 
of these questions on the basis of distorted 
cellular morphology, but the chemical 
constitution of the serums is still unknown. 
We know that radiation produces meta- 
bolic changes, and stimulating doses over 
the spleen have increased coagulability. 
Investigations have been made on amino 
acid retention, calcium ionic dissociation, 
colloidal dispersion, vagus stimulation and 
various effects on the glands of internal 
secretions, so that we have reports from 
many angles—chemical, physiological bio- 


logical and pathological. Many of these 
investigations have been extensive but 
much remains to be done before any 


definite conclusion can be reached. 

Because radiation does produce constitu- 
tional disturbances and chemists 
N J T it 24 


have 


26, 
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shown altered metabolism we thought it well 
to investigate further what relation blood 
groups might have to malignant disease. 
Since their discovery by Landsteiner 
and Shattack in 1900, isohemagglutinins 
have been studied extensively by Jansky, 
Moss, Hektoen, Ottenberg, Gay, Brem 
and many others. During this time investi- 
gations have uncovered many interesting 
and practical facts in regard to the charac- 
ter and mechanism of these tsohemag- 
glutinins, particularly in instances of blood 


transfusion. Among the influencing factors 
mentioned in the literature are heat, 
desiccation, diet, disease, heredity and 


nationality. 

We were inspired to make these blood- 
group investigations by a report of Alex- 
ander. In a study of the blood groups in 
malignant disease, Alexander found that 
individuals belonging to all four groups 
are likely to suffer from malignant disease, 
and that individuals belonging to Groups 
t and 111 are peculiarly susceptible. He also 
found that individuals belonging to Groups 
1 and 111 are more frequently affected with 
malignant disease which is severe in type 
and rapid in course, while individuals 
belonging to Groups 11 and tv suffer from 
malignant disease of low grade and slow 
growth. 

Roswell; Park of the McGregor-Mow- 
bray Clinic, Hamilton, Canada, in a per- 
sonal communication refers to a series of 
100 cases and states that his findings prac- 
tically coincide with those of Alexander. 
In his work the relative frequency of each 
blood group was kept in mind and the 
Moss classification followed. 

Keynes believes that the possession of a 
particular blood group confers upon. its 
owner a special immunity or susceptibility 
to disease. 

In an investigation of this kind it should 
be determined whether or not there is an 


abnormal alteration in the reactions of 
these patients under the influence of 
disease. Kolmer says it is probable that 


evidence of this alteration in malignant 
disease already exists. Many investigators, 
notably von Dungern and _ Hirschfeld, 
maintain that blood groups are trans- 


missible according to the Mendelian law. 
consistently 


All agree that nationality 


governs the normal relation of blood 
groups, as has been established by the 
early investigations of Moss. Bond called 
attention to the frequency of auto-ag- 
glutination in the presence of a positive 
Wassermann reaction, focal infection, per- 
niclous anemia and other infections. Har- 
per and Byron found that diet influences 
the speed of agglutination. Keynes reports 
100 per cent successful skin graft opera- 
tions by a surgeon who always investi- 

gated the compatibility of the blood of 
the donor with that of the recipient of the 
skin grafts. Buchanan and Higley made a 
comprehensive and convincing study of 
over 2000 cases embracing many varieties 
of infectious disease, anemias, and carcino- 


mas; they did not find any relation be- 
tween blood groups and disease, the 


latter including 292 cases of malignancy. 

Because the conclusions of most of the 
work referred to seemed to us to be based 
on insufficient data and the possibility of 


technical errors, we arranged to make 
further investigations. All of the 1000 


blood group observations were made on 
314 private patients. There was an abun- 
dance of material and more extensive studies 
were planned, but the detail of checking 
and re-checking the results entailed con- 
siderable interference with our routine work. 

We undertook to solve the 
problems. 

Does cancer occur more frequently 
in individuals belonging to any one of the 
four groups? 

Do any of the blood groups in indi- 
viduals suffering from cancer serve as an 
index to the degree of malignancy? 

3. Is malignant disease of any special 
blood group more amenable to radiation? 
4. Are blood groups altered by radiation ? 


5. Can the susceptibility to roentgen 


following 


sickness be identified with any special 
— group? 
Each case was charted as to age, sex, 


weight, diagnosis, location and duration 
of the disease; the extent of involvement; 
the amount of radiation; the size of the 
field and areas treated, with the eventual! 
course of the disease; and the duration of 


the disease before and after radiation 
therapy. 
Since the blood equilibrium adjusts 
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itself quickly marked changes tn the blood 
can be noted only during the radiation, or 
shortly thereafter. We therefore made 
observations before, during and after radia- 
tion treatments. Blood groups in some 
cases were noted at intervals for six months 
after treatment to determine any possible 
change during the evolution of a malignant 
process. Especial care was given to the 
study of this condition during the height 
of roentgen sickness. A record was made 
of the duration of the disease before and 
after roentgen treatment and of the final 
outcome. The results of the experiments 
were convincing, yet disappointing. 

The technique employed was the drop 
method suggested by Keynes. In the earl, 
work every study was controlled by the 
microscopic method but this was aban- 
doned because we found the drop method 
simple, speedy and accurate. Control 
observations were made in most instances, 
and many of the results were checked by 
physicians in other laboratories (Brown, 
Saxon). The serum for this work was sup- 
plied by Dr. John A. Kolmer. The Moss 
classification of biood groupings was ad- 
hered to. See table. 

All of these cases were studied at ran- 
dom, as time permitted. 


_ 314 cases were studied; 76 per cent 
females. 
27 pel cent were breast cases; I per 


cent being inoperable. 

21 per cent were pelvic carcinomata; 
18 per cent being inoperable, and 4 per 
cent hopeless recurrent metastatic cases. 

2 per cent were rectal 
inoperable. 

2 per cent were esophageal. 

15 per cent were mouth carcinomata; 
9 per cent being inoperable. 

2 per cent bladder carcinoma. 

18 per cent were epithelioma; 3 per cent 
with metastases. 

2 per cent were Hodgkin’s disease 

2 per cent were splenic anemia. 

4 per cent were thyroid cases. 
per cent were uterine fibroids. 

In all the deep-seated high 
voltage (200 kv.) roentgen ray and radium 
were used. Electrocoagulation was done In 
instances where the lesion was accessible 
for this procedure. 


carcinom Ls all 


were 


lesions 
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APPROXIMATI NORMAI INCIDENCI 


IN NORMAI AND IN 


BLOOD GROUPS 


ONDITIONS 


ORMAI 


“2 22 2¢ 
Er 
Moss (1600 cases 10 10 7 43 
Hirschfeld English S000 
cases 3 13-4 7.2 40.4 
Sanford (1920 3000 Cast 15 42.3 0.7 
( ulpepper ind Ableson (1921 
5000 Cases 3 35 1d 4! 
Bernheim 2 40 15 43 
Buchanan and Higley (2246 
cases with pathol 3-75 40.75 7.5347.94 
INCIDENCE OF BLOOD GROUPS N PATIENT SUFFERING 
FROM MALIGNA I DISEASI 
=~ 
Alexander (50 cases 12 28 32 28 
Buchanan and Higley (292 
cases 3-75 490.75 47.94 
Pfahler and Widmann (3 


Cases 


4 37.5 11.1446.4 


We found that neither age, sex, weight, 
height, complexion, health, sickness nor 
region affected had any influence on the 
normal average relation of blood groups. 
Neither could we detect any alteration in 
the blood group as a result of radiation, 
roentgen sickness or the progress of mali- 
enant Duration of the disease 
before and after treatment showed no 
influence; disappearance or progression of 
malignancy had no influence. 

We found the relative percentages of 


disease. 


blood groups to be the same as_ those 
which have been recorded under normal 


conditions. 
CONCLUSIONS 


1. With our present technique of dif- 
ferentiating blood groups, we find no 
relation between blood groups and malig- 
nant disease. 

2. The percentages established by Moss, 
Culpepper, Bernheim, and Buchanan 
are only approximate and capable of 
considerable variation without particular 
significance. 


3. Individuals of all four blood groups 
are likely to suffer from malignant 
disease. 

4. Individuals of Groups 1 and 111 are 
not more susceptible to malignant disease 
than those of the other groups. 

The blood group has no relation to the 
— of malignancy. 

. Neither radiation, roentgen sickness, 
nor a malignant process, retrogressive or 
progressive, can alter a blood group. 

Possibly some future refinement in 
the study of isohemagglutinins may detect 
some change heretofore unrecognized. 
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UNTOWARD RESULTS IN RADIATION THERAPY OF 
UTERINE CANCER WHEN COMPLICATED WITH 


LATENT GONOCOCCIC SALPINGITIS 


SY B. F. SCHREINER, M.D., ! 


BUFFALO, 


— report is based on a study of 404 

cases of cancer of the uterus treated 
by radiation at the State Institute for the 
Study of Malignant Disease. Among these 
404 there occurred five times a 
severe peritonitis which resulted in the 
death of 4 and the recovery of 1. It appears 
that little or nothing has been said, or 
recorded in the literature upon this subject. 
For this reason I believe that we should 
publish the results in these cases as a 
warning that this complication may occur 
in the routine treatment by 
cancer of the uterus. 


cases, 


radiation of 


CASE REPORTS 


Case 1. Mrs. C., aged thirty-five, was 
admitted January 16, 1922, suffering from 
an early epithelioma of the cervix. Patient 
complained of a brownish and_ bloody 
discharge over a period of one month. 
Examination showed a hard, indurated 
lesion confined to the cervix which was 
beginning to ulcerate. There no 
infiltration nor evidence of broad ligament 
involvement. There was no history of 
any inflammatory lesion of the pelvis nor 
any menstrual disturbance, except the 
one for which she was admitted. Section of 
tissue removed at the time of treatment 
showed it to be an epithelioma of the 
cervix. On January 16, 1922, she was 
treated with radium, first dilating the 
cervix and then introducing radium tubes 
intrauterine, which were filtered through 
0.5 mm. silver, 2 mm. brass and 1 mm. 
rubber for a total of 2700 mc. hours. During 
the following two days the patient was 
comfortable. Her temperature was 100°F. 
and pulse, 100. During the following week 
there was a gradual step-like rise in tem- 
perature to 102°F. and she complained of 
pain, soreness in the lower abdomen and 
distention. The temperature 


was 


continued 


between g9° and 102°F., and at the end of 


three weeks had practically returned to 
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normal. The following week there was a 
recurrence of disturbance of temperature, 
increase in pulse, pain, and at times nausea 
and chills. During the first three weeks, 
she had been treated conservatively with 
sedatives and hot applications and it 
looked as though the infection was sub- 
siding. It was deemed unwise to interfere 
in a surgical way. The fourth week she 
again had chills and a rise in temperature, 
and opinion was divided as to whether or 
not it was advisable to operate for the 
purpose of providing drainage for the pelvic 
peritonitis which was present. Finally it 
was decided to drain through the cul-de-sac. 
This was undertaken with some reluctance 
in view of the brawny and infiltrated condi- 
tion of the whole pelvis. At the time of 
drainage there was a bloody, serous dis- 
charge but no real pus. The patient died 
from sepsis two months after radiation. 
Bacteriological examination to demonstrate 
the presence of the gonococcus was not 
made but the husband admitted having 
both gonorrhea and syphilis. After the 
death of the patient, the husband described 
an attack which could be interpreted as an 
acute salpingitis one year before, during 
which the patient was confined to her bed 


for about ten days. No necropsy was 
performed. 
Case u. Mrs. H., aged forty-eight, was 


admitted March, 1922, with a history of 
bloody discharge for a period of one year. 
Examination showed an ulceration in the 
posterior fornix of the vagina and an 
enlarged uterus. The Wassermann reac- 
tion was negative; section removed for 
diagnosis showed mucous membrane epithe- 
lioma. She was treated by the insertion of 
tubes of radium for a total of 2500 me. 
hours. On the day following treatment the 
temperature was 99° and rose to 1o01°F., 
with pain, distention, nausea and vomiting. 
The patient died at the end of one week. At 
post mortem there was evidence of an 
acute peritonitis, undoubtedly due to an 


| 


exacerbation of a chronic salpingitis of 


Neisserian type. 


Case ut. Mrs. V., aged forty-nine, was 
admitted November 7, 1922. Her previous 
history was negative as to menstrual 


inflammatory 
She complained 
discharge and of a 
feeling of weakness for three months 
previous. Examination showed an ulcerat- 
ing epithelioma originating in the cervical 
canal and marked infiltration of the whole 
cervix with some infiltration into both 
broad ligaments. The Wassermann reaction 
and urine examination were both negative. 
Sections taken from the cervix showed 
mucous membrane epithelioma. In this 
case the usual procedure was not followed, 
instead she was given only high power 
roentgen radiation (on November 8) which 
consisted of four fields, anterior, posterior, 
right and left lateral, with a total depth 
dose of go per cent in the uterus and the 
region of the board ligaments. No fever 
nor discomfort was noted until 15 days 
after treatment, when the patient began 
to have a temperature ranging from 99 
to 101°F. and pain in the lower abdomen 
with vomiting, distention and weakness 
which continued until her death, which 
occurred after about five weeks of illness. 
Autopsy showed an acute general peritoni- 


disturbance or 
disease or operations. 
of a bloody-watery 


history of 


tis in which the gonococcus Was 
demonstrated. 
Case tv. Mrs. H., aged thirty-eight, was 


admitted November 21, 1922, with a his- 
tory of a continuous bloody discharge over 
a period of two weeks. Examination showed 
an epithelioma which originated in the 


cervix and had infiltrated the posterior 
fornix and vaginal wall. There was no 


palpable mass in the broad ligaments and 
no tenderness. 
any previous illness except an irregular 
menstruation over a period of three years. 
The Wassermann reaction and urine ex- 
amination were negative. Section of tissue 
removed for diagnosis showed it to be an 
epithelioma. On November 23, under gas 
anesthesia, the cervix was dilated and 
there were inserted radium 


emanation 
tubes filtered through 2 mm. brass and 


1 mm. rubber for a total of 1580 me. hours. 
high 


On November 24 she was given 


There was no history of 
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power roentgen radiation over four fields, 
anterior, posterior, right and left lateral 
with a depth dosage in the uterus of about 
go per cent of the “skin erythema dose. On 
the day following the radium application 
she had a temperature of 100°F. which was 
considered at the time of little importanc e 


On the third day after treatment, the tem- 
perature rose to 103°F. and the pulse to 
130, with pain in the abdomen, gas and 
vomiting. The rise in temperature con- 
tinued, ranging from 100.5° to 103°F. 
over a period of six weeks during which 
time she was nauseated, had chills, lost 


weight, and became very anemic with pro- 
nounced symptoms of a pelvic peritoniti 
During the sixth week the temperature 
returned to normal and she was able to 
leave the hospital after eight weeks, havin 
made a complete and satisfactory recovery. 
So far as the peritonitis and tumor are con- 
cerned she is well at this date. A history of 
gonorrheal infection was denied, but in 
view of the clinical course, this was in all 
probability another peritonitis 
Neisserian infection. 

Casev. Mrs. R. aged fifty, was admitted 
October 26, with a history of a 
bloody-watery discharge of six months’ 
duration. There was no history of previous 
inflammatory disease. Examination show- 
ed an ulcerating, infiltrating growth in- 
volving the whole cervix. It had invaded 
the left broad ligament extensively. The 
right broad ligament was involved 
but to a less extent. The Wassermann 
reaction and the urine examination were 
negative. On October 26 a section of tissue 
showed mucous membrane epithelioma. 
On October 30 the patient was treated with 
high power roentgen ray and on November 
1 radium tubes amounting to 
hours were introduced into the cervix. 
The day after treatment an 
of temperature was noted, together 
an increase in the pulse rate, which 
continued for a period of six weeks 
during which time there was pain in the 
lower abdomen, distention, and _ intense 
nausea and vomiting ending in death on 
December 15. Autopsy, showed an abscess 
in the pelvis and a spreading peritonitis 
and the gonococcus was demonstrated i 
smears. 
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DISCUSSION 


lhe results in the cases reported here, we 


believe are due to the lighting up of an 
old salpingitis by manipulation and inser- 
tion of radium into the uterus, as well as 
by the external radiation siven, tor in one 


case, it will be observed that there was no 
radium nor manipulation inside the uterus 


The treatment consisted only of high volt- 
age roentgen ray applied from the outside. 
We are firm in our belief that these 5 


cases reported were not the only cases 
complicated with chronic salpingitis due 
to infection with the gyonococcus Dut 
wish to convey the idea that the mecha- 


nism of resistance in these old infections 


we 


may be upset resulting In serious conse- 
quences. In the routine treatment of cancer 
of the cervix by radiation, we endeavor to 
obtain trom the history any evidence of 
infection; in addition to this the blood of 
all Cases Is routinely examined, both the 


MINED RADIATION 


BY D. Y. 


‘*mixed radiation’’ we mean the use 
) of roentgen rays with different Volt- 
ages and different filters at the same treat- 


ment or the same series of treatments. We 
thus bathe the neoplasm with rays of 
different penetration. Accepting the results 
of measurements by Coolidge, 


We KNOW 


that we are always dealing with ravs of 
both short and long wave-lengths from any 
roengten-ray tube regardless of the vo tage 
and milliamperage. It is then a question 


of using the proper voltage and the proper 
filtration for each neoplasm. It 
exhibit different sensibilities 
degrees of hardness of 


ells 


to ditlerent 


roentgen rays we 
should try to reach every cell by rving 
our filters and voltage. When radium is 
used we are getting the same rays at all 
times and have only two factors to deal 


with—filtration and distance. 

It appears to us unreasonable to treat a 
superficial lesion with the same voltage 
and the same filters that we would use for 
a lesion several centimeters beneath the 
surface. For example, if a superficial lesion 

* Read at the Fifth Ar Meeting, Eastern § ' 
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Wassermann test and gonococcus comple- 
ment fixation test being made. After treat- 
ment of these by radiation, we 
believe it is absolutely essential that the 
patients be kept under close observation 
for a week or ten days 


CasSeCS 


CONCLUSIONS 


1. Chronic salpingitis complicating uter- 
Ine cancer may prove disastrous and may 
produce peritonitis and death following 
radiation. 

We not that all of 
gonococcic infection complicating cancer 
of the uterus will cause such severe and 
disastrous results reported here. 

2. The intrauterine manipulation may 


be a factor in the lighting up of old gono- 


do believe Cases 


as 


are 


COCCIC 


infections. but it is not the sole 
cause in these cases reported. 
>. External radiation alone in cancer 


doses, may light up gonococcic salpingitis. 
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of the face should be treated with low volt- 
and moderate filtration, a tumor of 
the cervix uteri should receive high voltage 
and heavy filtration. If many of the cells 
composing a tumot centimeters 
beneath the surface are more sensitive to 
rays of long wave-length its proper treat- 
ment cannot be attained by surface appli- 
cation. A tumor of the breast meets 
neither of these conditions. Why should 
such a tumor be treated with either low or 
high voltage alone a portion of the 
neoplasm is superficial while a part is much 
deeper depending, of course, upon the size 
or thickness of the growth. This type of 
tumor should have the benefit of both 
high and moderate voltage, with suitable 
filters in each penetration. 

If we accept the opinion of MacKee,? 
we believe that the cells affected bv radia- 
tion are those which absorb the roentgen 
rays and not the ones which are penetrated 
by the ravs. 

If the statements of Coolidge and 
MackKee are true, is not the rational treat- 
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ment the use of rays of different voltages 
through different filters for any tumor 
more than one centimeter thick? In other 
words, if a tumor of the breast which is 
3 or 4 cm. thick is given an entire dose of 
high voltage (200 kv.) through 1 mm. of 
copper, a great many rays are ineiianinn 
this tumor and few rays are absorbed. 
Would it not be better, and certainly more 
economical, to attempt the treatment of 
the first centimeter of the tumor tissue with 
lower voltage (100 kv.) and each successive 
centimeter of tumor tissue with different 
voltages and different filters in the belief 
that the rays of the low voltage are ab- 
sorbed in the first centimeter of the neo- 
plasm and few reach the deeper areas of the 
tumor, the more penetrating rays going 
through the superficial cells and being ab- 
sorbed by the deeper cells. We feel sure 
that rays can be delivered in many different 
ways so they may be absorbed at the 
desired depth. 

About two and a half or three years ago 
when the use first began of copper filtra- 
tion of 0.5 mm. with machines that would 
deliver from 110 to 130 kv. we by mistake 
gave a treatment to a patient suffering 
from a recurrent carcinoma of the breast 
with axillary metastasis, using very little 
filtration thinking we were filtering through 
copper. The treatments had been outlined 
for this patient to be applied to the breast 
anteriorly, laterally and posteriorly, the 
center of the field in lt case being a 
little below the axilla as the metastatic 
nodules were in the axilla. The first series 
had been given with a g5<—in. spark-gap, 
through glass and leather filters. 

We naturally expected a great deal of 
dermatitis from the application applied 
to the anterior breast where there were 
several superficial recurrent nodules along 
the scar. No further treatment was given 
to the anterior areas at this series; the 
posterior and lateral areas were completed 
as outlined using 0.5 mm. of copper with 
a g°s-in. spark-gap. 

We had this patient report at weekly 
intervals and to our surprise and pleasure 
she did not have as much dermatitis as 
was anticipated, and the superficial nodules 
as well as the axillary nodules entirely 
disappeared. Such a quick response would 
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not have been attained with high filtration 
unless the time and distance had been 
greatly increased. The lung tissue beneath 
would have received more rays, resulting 
in fibrosis. Why she did not receive a 
marked erythema is probably explained 
by the fact that the photographic glass 
absorbed the greater portion of the soft 
irritating rays. One piece of photographic 
glass was the filter used at a 12-in. distance 
for 40 min. 

As was our custom at this time, we gave 
the patient two more series, making a 
total of four series. The recurrent nodules 
along the scar and the metastatic nodules 
in the axilla entirely disappeared, and to 
date she has had no recurrence. She was 
seen occasionally for a period of stx months 
and we have heard from her every six 
months since this time. We last heard from 
her on December 27, 1923, at which time 
she remained well and was doing her work 
as a teacher. 

After observing the results in this case 
we began to use for the treatment of many 
neoplasms what we have described as 
mixed radiation, first giving it a trial on 
the larger superficial malignancies of the 
face. 

As an illustration of the technique used 
on superficial malignancies, we give 20 per 
cent of an erythema Saat without filtration, 
20 per cent, using I or 2mm. of aluminum, 
and 50 or 60 per cent using 3, 4 or some- 
times 6 mm. of aluminum depending 
entirely on the thickness of the tumor at 
the margins, and the amount of induration 
present. 

This same technique ts used in the appli- 
cation of radium, Le., half a dose is given 
using plain radium needles oe no filtra- 
tion except the thin wall of the needle. 
On the same day a dose is given using 
silver and rubber filtration. We were soon 
convinced that all evidence of disease 
disappeared much more guickly than with 
the older technique. 

We then began to search our files for 
the cases of the more brilliant results and 
found that although a great many, if not 
all, had received the same voltage through- 
out their series, there had been a difference 
of filtration. In most instances this was 


done not with the idea of giving a different 


filtration but because we were going through 
the period of progressive filtration which 


2 or 3 mm. of alumi- 


increased 


began with the use of 
num and gradually up to as 
much as 10 mm. of aluminum and then 
went to 0.5 mm. of copper. This increase 
was gradual over a period of months or a 
few years. Were not the results obtained 
when we were using gas tubes due to the 
ever changing vacuum in this type of tube 
with a resulting mixed radiation? 

In a search of the available literature we 
have been unable to find any remarks 
relative to such treatment except In one 
publication by Demptser’? in which he 
speaks of progressive filtration of the large 
superficial fungus type of growth such as 
we frequently see on the face. In his tech- 
nique the first dose was given with no 
filtration, following whicha great deal of the 
fungoid material would appear to melt 
away. A week later he used a filtration of 
1 mm. of aluminum, and the week following, 
2 mm. of aluminum; the terminal treat- 
ments were given through 3 or 4 mm. of 
aluminum. Our objection at present to 
such methods is that the malignant cells 
lose a great deal of their radio-sensitiveness, 
becoming quite immune in many instances 
to radiation. 

In a careful review of the recent litera- 
ture (two to three years) on deep therapy 
it appears that the same results are prob- 
ably being obtained though In a different 
way and by a much economical 
method. In many of the superficial breast 
tumors numerous writers have recom- 
mended increasing the skin-distance from 
50 to 70 cm. and In some instances to as 
much as 90 cm. We are here attempting to 
deliver rays to the tumor cell that will be 
absorbed, but it would seem that the same 
result may be obtained in a more economi- 
cal way by varying the thickness of filters. 

It may appear that this is a difficult 
technique to obtain without a great deal of 
experimental work. This is not true if the 
dosage is known with different voltages and 
filtration at an 8-in. skin-distance. By 
the inverse square law a certain percentage 
with a small amount of filtration can be 
given and this can be gradually increased 
until a dose that the skin will tolerate is 
obtained up to 100 per cent. After having 


less 
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tried this technique with both the roentgen 
ray and radium we looked through our 
files and believe the cases that have given 
us the most consistent satisfactory results 
are the cases in which the neoplasms have 
received mixed radiation. It is only by 
careful observations of results, skilland keen 
judgment that we can improve our results. 

We believe a report in detail of three 
cases with neoplasms in different portions 
of the body will serve as good illustrations. 

Case |. Female, aged fifty-seven. First 
seen three years ago. Clinical diagnosis, 
carcinoma of the left tonsil. There was 
enlargement of the cervical lymph nodes 
on both sides. On inspection, the left tonsil 
showed large, deep fissures, the margins 
being covered with a warty membrane. 
There was marked sloughing of the pillars. 
Her first treatment was with the roentgen 
ray, using 0.5 mm. of copper and a voltage 
of 130,000 for 2 hrs., one hour at an 8-in. 
distance and one hour at a 12-in. distance. 
Five weeks later radium element needles 
were placed directly into the _ tonsillar 
tumor and into the cervical lymph nodes. 
The needles contained 12.5 mgm. of radium 
element and were allowed to remain from 
eight to eleven hours; the more superficial 
ones, eight hours. 

The patient had a rather severe reaction 
at the end of three weeks; when seen three 
months later the tonsil had entirely healed; 
the right cervical area showed decided 
fibrosis but there was none on the left. 
The post-auricular and occipital nodes at 
this time showed enlargement, and two 
series of treatments were given over this 
area, using as before 0.5 mm. of copper 
and an 8-in. and 12-in. distance. 

It has now been two years since this 
chain of lymph nodes was irradiated; 
there has been no recurrence, and the 
patient has been teaching school for the 
past two years. She was last seen December 
27, 1923, and was free of symptoms relative 
to the throat or neck. 

It is obvious that this patient received 
definite mixed radiation, that is, highly 
filtered roentgen rays and mixed rays from 
the radium element placed within the 
tumor. 

Caseu. Male, aged forty-seven. Clinical 
diagnosis, recurrent rectal carcinoma. First 
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seen March 27, 1916. Began to suffer with 
pain in the rectum nine months before and 
five months before had an excision for 
microscopic study. Microscopic diagnosis 
was carcinoma. Three days later the 
growth was removed. The patient remained 
in the hospital for six weeks. His pain was 
excessive. He was told it was due to scar 
tissue and was given a few doses of roent- 
gen rays from a small machine. He 
returned home, the pain continued and 
he returned to his surgeon two and one- 
half months later, at which time he was 
told that the pain was not due to operation 
but to another tumor on the sacrum the 
size of the end of a thumb. He remained 
for examination for eleven days and was 
told that operative procedure would be of 
no service. He consulted another surgeon 
on March 1, 1916; this surgeon advised a 
colostom) cal complete removal of the 
rectum as a secondary operation. This the 
patient refused. When he came to us some- 
time later he appeared to be suffering 
intense pain and he could with difficulty 
arise from his chair; he walked with 

stooping posture. He appeared to be 
anemic and had lost several pounds in 
weight (no accurate record was made), 
and was taking opiate for the pain. On 
rectal examination a stricture of the rec- 
tum was found and about 2!» inches from 
the anal orifice there was a tumor which 
appeared to be about the size of a tennis 
ball. He was told that roentgen radiation 
would probably relieve some of his pain 
and he was given treatments daily from 
March 27 to March 31, using the following 
a 8-in. skin-distance, 8-in. spark- 
gap, 4 mm. Al and leather, giving a total 
of fa? ma-min. through 45 portals of 
entry—sacrum, two; perineal, one; and 
right and left inguinals anteriorly. From 


this dosage he received complete relief 


from pain two days after the last dose was 
administered. He was allowed to rest for 
fourteen days, during which time he 
visited the Mayo Clinic, and was advised 
against operation and to continue with his 
roentgen and radium treatments. He re- 
turned to us in two weeks and another 
series of roentgen radiation was given. 
At this period he received 192 ma-min., 
using the same factors as before. Several 
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days later radium treatment was _ insti- 
tuted by Drs. Kelly and Burnam. He 
received on the first day 16 gram hours 
at a 4-in. distance. Seven weeks later he 
received 10 gram hours at a 4-in. distance 
and 1 gram hour at a 3-in. distance. Seven 
and one-half weeks later he received 20 
gram hours at a 6-in. distance. as dosage 
was given through 3 mm. of lead, 1 mm. of 
brass and the usual rubber sccmadiinn and 
aluminum against secondary radiation. 
He then received roentgen treatment every 
three months for a period of two years. 
He was last seen January 10, 1924. He ts 
free of symptoms, weighs more than at 
any period in his life, appears and says he 
feels as well as anyone. He is at present 
representing his district in the Kentucky 
legislature. Would the same results have 
been obtained with radium alone? Note 
that his pain was completely relieved fo 
three weeks before any radium was ap- 
plied. 

Case 1. Female, aged thirty-seven 
Patient came under our observation Sep- 
tember, 1921, with the following history: 
She had had a radical operation on the 
left breast sixteen months before; a recur- 
rence had appeared four or five months 
previously, and a few broken down nodules 
along the line of incision six weeks pre- 
viously. Examination showed a well-devel- 
oped, moderately nourished blonde, pre- 
senting a “Y” shaped scar of the left 
chest showing several recurrent nodules 
along the site of the scar, some of which 
were red and some oozing serum. The 
axillary glands were enlarged and tende1 
on pressure. There was moderate indura- 
tion of the supraclavicular glands with no 
discrete nodules. 

First series of roentgen treatments was 
given in September, 1921, using the follow- 
ing factors: 120 kv. + 5 ma., g-in. distance, 
12 min., 4 mm. of f aluminum and glass, 
through six portals of entry, three anterior, 
two posterior and one later: al, the posterior 
and lateral areas receiving only 10 min. 

The second series was applied three 
weeks later using the following factors: 
120 kv., 5 ma., 10-in. distance, 50 min., 
0.5 mm. copper, 1 mm. aluminum, glass 
and leather. Over the anterior area at this 
time a 40-min. treatment was given with 
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the use of 
leather. 

She received in all four series and was 
last seen in December, 1922, though we 
have heard from her at six-month intervals 
her last report being on December 27, 1923. 
At this time she was well and able to follow 
her usual occupation of school-teaching. 

It appears that there is no question in 
this case about the diagnosis of a recurrent 
and metastasizing carcinoma of the breast. 
[he interesting point in technique ts that 
the first series siven with the old 
technique of 4 mm. of aluminum, glass 
and leather. In the second series she re- 
ceived an unusually large dose with only 
slass and leather as filter. She also received 

highly filtered roentgen rays 
with 0.5 mm. copper, 1 mm. of aluminum, 
class and he results 
that all the recurrent nodules which were 
beginning to break down rapidly healed 
and the metastatic nodules disappeared. 
She is free from any evidence of recurrence 
at the end of two and one-half vears. It 
was from this case that we began to observe 
the value of mixed radiation. 

Case iv. Male, aged forty. Diagnosis, 
basal cell epithelioma of the left temple 
area. This growth had been present for 
nine vears, the ulceration beginning shortly 
after the tumor was first noticed. During 
this nine-year period the extension of the 
ulcer had been gradual until a short time 
ago when it began to grow rapidly, being 
much larger and deeper with decided 
roughening and elevation of the margins. 
The lesion was approximately 8 10 cm. 
at its widest point, irregular and from 119 
to 2 cm. thick at the margins. At the first 
series of treatments the following technique 
was used: 70 kv., 5 ma., for 4 min., through 
I mm. glass and 1 mm. Al, distance, 10 In.; 
80 kv., 5 ma., for 7 min., through 2 mm. 
Al, glass and leather, distance, 10 in.; 
120 kv., for 8 min., through 4 mm. Al, 
glass and leather, distance, 10 in. The 
central portion of the malignant ulcer 
was much deeper and because the malig- 
nant tissue of that portion was thinner it 
was further protected with several layers 
of zinc oxide adhesive. 

A second series was given eighteen days 
later with the same voltage and the same 


glass filter and sole 
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distance as in the first series. He was given 
-o kv. for 2 min., 80 kv. for 3 min., and 120 
ky. for 4 min. 

This large area was nearly healed in six 
weeks. It has been entirely healed now for 
nearly one vear. We do not believe the 
same rapidity of healing could have been 
obtained if the growth had been irradiated 
using one voltage and one filtration. 

In a number of cases we have used both 
the roentgen ray and radium on the same 
neoplasm and do not find it difficult from 
a technical point of view to give a dose 
that will give about the reaction desired. 
We are of the opinion that many of these 
will receive more benefit and heal more 
quickly where both radium and_ the 
roentgen ray are used with a variation of 
the filter and voltage than where each is 
used alone with moderate or 
filtration. 

It is the hope of the writer that those 
reading this report will consult their 
records to see if the more successfu! results 
have not been in those cases which were 
treated by “mixed radiation.” 
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N a number of articles and in a booklet, 

Witherbee and Remer,' basing their 
assertions on pastille measurement and 
skin effects, have insisted that the well- 
known law of physics—intensity of roent- 
gen radiation varies inversely as the square 
of the distance—does not pertain to filtered 
radiation. They aver the law for filtered 
radiation to be: Intensity varies inversely 
as the distance, instead of “inversely as the 
square of the distance.’”’ We present the 
subjoined ionization experiments and cli- 
nical observations in refutation of their 
experimental results and contentions. 

The apparatus used consisted of a 10 kw. 
interrupterless transformer, operated on 
direct current; blunt point spark-gap; 
rheostat control. Medium focus Coolidge 
tubes of “universal type’”’ were employed. 
The filament current was derived from a 
step-down transformer and small rotary 
converter, and was controlled by a choke 
coil. There were two milliammeters in the 
high-tension circuit. The high-tension con- 
ducting system was of the aerial type, and 
consisted of brass tubes thoroughly insu- 
lated from surrounding objects. Voltage 
was estimated by spark-gap length. The 
factors or constants are given with each 


experiment. 
The ionization ex a were con- 
ducted with a_ well-constructed ionto- 


quantimeter of American manufacture, a 
brief description of which was contained in 
a recent article.? The tube was placed in a 
lead-lined receptacle, the under surface of 
which 
The filter was placed in the diaphragm. 
The ionization chamber was placed on 
wood, at the desired distance, directly 
under the anode. The lead housing con- 
taining the electroscope was placed beyond 
the field of direct radiation. All timing was 
done with a stop watch. 

All of the ionization experiments were 


done over and over again during a period of 


several months. The usual discrepancies, 
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due to variable voltage, miscalculations of 
spé irk-gap length, time and distance, ionto- 
quantimeter Teakage, etc., were encoun- 
tered. Each ionization numeral herein 
recorded represents the average of a large 
number of readings made on the same day, 
under similar conditions of temperature, 
humidity, atmospheric pressure, etc. They 
also represent the time in seconds required 
to discharge four ionization units; or the 
time required for the leaf of the electro- 
scope to fall through a definite section of 
the scale. 


IONIZATION EXPERIMENTS 

Experiment No. 1. As a control, the 
inverse square law, as applied to distance, 
was tested with unfiltered radiation, nine 
tubes being used for the purpose. The 
inverse square law for unfiltered roentgen 
radiation is accepted by every one as 
irrevocable. The constants for this series 
were: Ma., 2; spark-gap, 6 in.; skin-target 
distances, 8 in. and 16 in. 


Chart 1 shows the ionization results 
obtained with unfiltered radiation, with 9 
medium focus Coolidge tubes. The first 


horizontal column gives the tonization 
time in seconds, required to discharge 4 
ionization units, at a skin-target distance 
of 8 inches. The second horizontal column 
gives the ionization readings for a distance 
of 16 inches. The third horizontal column 
shows what the readings at 16 inches should 
be to conform accurately to the inverse 
square of the distance law. The averages 
are in the vertical columns on the right 
side of the chart. 

The average time for the 9 tubes at 8 in. 
IS 11.2 sec.; at 16 in., 43.2 sec. Theoreti- 
cally, the average time at 16 in. should be 
44.8 sec. The readings do not quite square; 
there is an average discrepancy of 1.6 
sec., or 3.6 per cent. The result is abso- 
lutely correct in only one instance (tube $5). 
Tube 10 required 12.1 sec. at 8 in., and 44.3 
sec. at 16 in. To square exactly, the last 
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reading should be 48.4—a difference of 4.1 
sec., Which constitutes a maximum dis- 
crepancy of 8.5 per cent. 

The discrepancies herein enumerated, 
constitute a fair representation of the 
unavoidable experimental error associated 
with ionization estimation of intensity as 
conducted in a practical laboratory with 
an iontoquantimeter. If this appears to be, 
to the uninitiated, a large error, it may be 
stated that our results, in this respect, 
compare favorably with those obtained by 
many physicists who have had the advan- 
tage of better equipment. Furthermore, it 
should be emphasized that the ionization 
method is so sensitive that a discrepancy 
of 10 per cent cannot be detected clini- 
cally (Failla*). In fact, we? have determined 
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that a difference of quantity amounting 
to over 50 per cent, as estimated by ioni- 
zation, Is barely detectable by visible skin 
effects or by pastille measurement. 
Experiment No.2. Verification, by ioni- 
zation, of the inverse square law was next 
attempted with filtered radiation. The 
constants were: Ma., 5; spark-gap, 8 in.; 
filter, 3 mm. AI; distances, 10 and 20 in. 
The results are recorded in Chart 1. The 
general arrangement of this chart is the 
same as Chart 1, with an additional hori- 
zontal column for theoretical numerals 
that approximate the law formulated by 
Witherbee and Remer.'! The first horizontal 
column contains the ionization time for 
the various tubes at 10 inches. The second 
horizontal column gives the time for 20 


CHART I 


INVERSE SQUARI 


LAW 


Unfiltered Radiation 


FOR DISTANCE 


| 
| 
| 


| 


- lonization Time in Second = 
~ A « arc at 
Tube Number RE EX: E= 
2 Pee S see S 
I 3 4 5 ) 9 | Ske 
16 34.5 54.6 45.6 45.0 39.2 35.3 41.4 39.7 44.3 43.3 11.3 25.5 560.90 
16 36.0 56.38 19.6 1.0 | 40.0 | 41.¢ 43.2 | 40.0 | 48.4 14.8 Arithmetical 
*Time in seconds to d arge 4 ation t 
Note. Tube No. 2 was broken before exp n 
CONSTANTS; Spark-gap, 6 i ma 
CHART II 
INVERSE SQUARE LAW FOR DISTANCI 
Filtered Radiation 
Ionization Time tn Seconds* = & 
om I 5 ) 9 10 Se | 
10 |: | - 7 18.0 26.0 20.3 13.4 19.8 20.4 2.2 27.8 72.9 
20 | G7.0 | | 57.0 | 75.1 fOr | | 77.6 79.5 11.1 28.0 73.2 
20 59.2 | 89.2 | 84.8 | 94.8 | 72.0 104.0 81.2 | 73.6 9.2 82.0 [Theoretical for inverse 
square law. 
20 29.6 | 44.6 | 42.4 | 47.4 | 36.0 | 52.0 | 40.6 | 36.8 | 30.6 41.0 Theoretical for Witherbee 
and Remer law. 
* Time in seconds to discharge 4 ionizati 
Note. Tube No. 2 was broken before e ve npleted. 
CONSTANTS: Spark-gap, 8 in.; ma., 4 


| | 
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CHART III 
INVERSE SQUARE LAW FOR DISTANCI 
Various Thicknesses of Aluminum 
Ionization Time in Seconds* = as 
~ at Oo smc 
| 2 es igues| gue 
10 3.0 4.0 | 28.3 21.2 3.9 18.0 20.0 14.5 20.0 60.1 wie wo 
10 1.0 9.5 12.9 13.8 3.7 11.8 16.0 42.3 ors 
10 0.5 10.8 9.6 10.2 7.0 90.2 12.0 10.8 44.0 5 == 
10 0.25 6.0 9.6 8.8 9.5 6.7 8.1 14.2 25.9 60.0 = ‘a ~ a 
10 0.0 7 8 6.0 5.7 6.3 9.0 19.2 52.9 
20 3.0 9.1 87.0 | 82.2 87.0 75.1 75.1 12.1 24.2 47.2 80.0 
20 1.0 390.9 41.8 | 46.2 §2.0 38.6 45.7 11.6 15.5 34.7 47.1 ( 
20 0.5 283.5 41.1 30.6 43.0 29.0 35.5 15.4 16.2 49.3 36.8 
20 0.25 23.7 | 30.0 | 34.8 | 37.4 | 24-9 31.6 11.0 25.0 57.8 32.5 ( 
20 0.0 20.3 | 27.3 | 36.6 | 25.2 | 21.3 24.6 2.3 16.6 39.5 26.3 
on 1e in seconds to disch arge 41 onisation units 
NOTE Tube No. 2 was broken befor e exper nents were eted 
re ONSTANTS: Spark-gap, 8 in.; ma., 5. 
inches. The next two horizontal columns It requires hardly more than a 


are theoretical; one gives the correct time 
for the inverse square of the distance law; 
the other gives the calculated time for the 
fictitious “inversely as the distance” 
law. The averages are in the vertical columns 
on the right side of the chart. The horizon- 
tal columns should be compared. 

The average time in seconds for theg tubes 
at 10 In. Is 20.5; at 20 In., 79.5. To square 
accurately, the average time at 20 in. 


should be 82.0o—an average discrepancy of 


2.5 sec., or 3 per cent, as compared with a 
like discrepancy of 1.6 sec. or 3.6 per cent, 
for unfiltered radiation. If intensity varied 
inversely as the distance, instead of as the 
square of the distance, the average time at 
20 in. would be about 41 sec. instead of 
79.5 sec. The maximum error was obtained 
with tube 5. The time, in seconds, at 10 In. 
was 23.7; at 20in., 87. Tosquare accurately, 
the time at 20 in. should be 94.8; a maxi- 
mum discrepancy of 7.8 sec., or 8.2 per 
cent. But even this result conforms much 
more nearly to the inverse square law than 
it does to Witherbee and Remer’s rule. 
To agree with the latter, the time at 20 
in. should be 47.4 sec. 


glance at 
Charts 1 and u to determine that thx 
results with filtered radiation (3 mm. Al. 
as far as concerns the inverse square law, 
are about the same as those with unfiltered 
radiation; that they both approximate th« 
inverse square of the distance law; that, 
allowing for an experimental error of about 
10 per cent, intensity of filtered radiation 
(3 mm. AI.), as estimated by ionization, 
varies inversely as the square of the 
distance; not inversely as the distance. 
The wall of the ionization chamber of 
the iontoquantimeter, through which radia- 
tion must pass, Is composed « of horn 1 mm. 
thick. While the unfiltered radiation was 
unfiltered by other substances, it 
filtered by the keratin, which is organic 
and which has about the same density as 
aluminum. We did not, therefore, employ 
a truly unfiltered radiation. This 
however, does not modify the 
obtained with filtered radiation. 
The statement has been made that whil 
Witherbee and Remer’s contention relative 
to the inverse square law for distance with 
filtered radiation may be incorrect, the 
error is on the side of safety. This state- 


was 


tact, 
results 
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ment will not bear analysis. For example, 
assume an erythema dose of 10 minutes at 
10 inches. Double both time and distance 
(Witherbee and Remer formula) other 
factors remaining unchanged. The quantity 
according to the inverse square law) will 
be 20 minutes short of an erythema dose. 
Thus far, safety is not questioned, although 


efficacy and accuracy may be disputed. 
But now, instead of increasing the dis- 
tance, reduce it from 10 to 5 inches. If one 


follows Witherbee and Remer, the time 
will be 5 minutes. According to the inverse 
square law, the time should be 2 minutes, 
30 seconds. Five minutes would provide a 
dose greater than intended, and the result 
might be injurious (see Experiments Nos. 
6 and 10 

Experiment No. 3. ‘This experiment was 
for the purpose of ascertaining if the inverse 


square law holds true for various thick- 
nesses of aluminum. Five tubes were used. 
[The constants were the same as those 


employed for the second experiment, except 
that four different thicknesses of alum! sais 
were utilized; 3 mm., I mm., 0.5 mm., and 
0.25 mm. The results, as recorded in Ch: art. 
III, approximate the inverse square law 
for every thickness of aluminum used in 
the experiment. Physicists tell us that they 
have verified the inverse square law with 
various metals used as filters. 


CLINICAL EXPERIMENTS 


The apparatus used for the clinical 
observations was the same as that employed 


for the ionization experiments. The con- 


stants are given with each experiment. 
[he first clinical experiment (Experiment 


No. 4) is a duplication of the one made by 
Witherbee and Remer, and upon which they 
based their contention that the inverse 
square of the distance law does not apply 
to filtered radiation. 

Experiment No. 4. ‘Two areas, about one 
square inch in size, on the anterior surface 
of the thigh of a blonde, aged twenty- 
seven, were selected for the experiment. 


They were about one inch apart. The 
areas, hereafter designated as A and B, 


were exposed to filtered roentgen radiation 
on May 18, 1923, the following constants 
being employed: spark-gap, 9 in.; ma., 5; 
filter, 3 mm. AI.; tube No. 4. The anode- 
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skin distance for A was 6 in. 


min., 42 sec. For B the distanc ce was I2 
in.; the time was 15 min., 24 sec. If, 
according to the contention of Witherbee 
and Remer, intensity of filtered radiation 
varies inversely as the distance —_ of 


- the time was 


as the square of the distance, and B 
should depict about the same ‘ee rree of 
visible reaction. 

On May 24, there were definite ery- 
thema and slight pigmentation in A. 


There were faint pigmentation and 
picion of erythema in B. There was con- 
siderably more color in A than in B. On 
May 29, showed a fairly intense ery- 
thema; much more intense than B, where 
there was but a very slight pa gee 
On June 5, A was still distinctly red, while 
B was scarcely visible. On June 19, there 
was some pigmentation, but no erythema, 
in A; B was invisible. 

Comment. A received, at 6 inches, a 
quantity sufficient to cause a pronounced 
erythema. For B, distance and time were 
doubled. A reacted much more vigorously 
than B, showing that A received the 
greater dose. The result of this observa- 


Sus- 


tion is contrary to that obtained by 
Witherbee and Remer. 

Experiment No. The subject of the 
experiment was a blonde, aged twenty- 
nine. The site was the anterior surface of 
the thigh where three areas, about 34 
square inch in size and about one inch 
apart, were selected: these were labelled 

, B, and C. The constants 
O° ap, 9 in.; ma., 5; filter, 3 mm. ; tube 
No. The exposures were m: © on May 

Area A was given 7 min., 42 sec. at 
. in.; B, 15 min., 24 sec. at 12 In.; C, 30 
min., 42 sec. at 12 in. On May 31, there 
was slight erythema in each area, the 
reaction being most intense in A and C. 


seemed a trifle more than 

. On June 5, the erythema in A and C 
was about equal; both were more pro- 
nounced than B, which was barely visible. 
On June 10, there was a fairly intense 
erythema in A and C. These areas were 
equal tinctorially. There was a very faint 
erythema in B. On June 20, and 28, the 
date of the last observation, there was 
still a well-marked erythema, of equal 
intensity, in A and C. B was still percepti- 
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ble, but the color was much less than in 
A and C. 

Comment. Area A received, at 6 inches, 
a‘ quantity sufficient to evoke pronounced 
erythema. For B, distance and time were 
doubled. For C, distance was doubled and 
time was quadrupled, all other factors 
remaining unchanged. As far as could be 
determined by inspection and palpation, 
areas A and C reacted equally, while the 
reaction in B was comparatively feeble. 
This observation supports the first clinical 
experiment, and demonstrates, so far as 
can be determined by skin effects, that 
intensity of filtered radiation varies in- 
versely as the square of the distance, and 
not inversely as the distance. 

In this connection, Sheldon,‘ in order to 
test the inverse square of the distance law 
with filtered radiation, conducted the fol- 
lowing clinical experiments: the constants 
were: been 10 in.; ma., 5; filter, 2 
mm. One area of skin was given an 
nm of 6 min., 12 sec. at a distance of 
10 in.; another area received 4 min., 6 sec 
at 8 in. The reaction was of the same 
intensity in both areas. With the same con- 
stants, an area of skin on another patient 
was given 3 min. at 10 in., and a second 
area 6 min. at 14 in. There was no percepti- 
ble difference between the reaction in the 
two areas. 

Experiment No. 6. Two areas of skin, 
about %4 square inch in size, and about 
one inch apart, on the back of a blonde, 
aged seventeen, were selected for the 
experiment. The areas were marked A 
and B. The constants were: Spark-gap, 
9 in.; ma., 5; filter, 3 mm. Al.; tube No 4. 
The exposures were made on May 20. 
Area A was given 30 min. at 20 in.; B re- 
ceived 7!4 min. at 10 in. On May 27, both 
areas depicted slight pigmentation, irri- 
tability and possible erythema. The inten- 
sity of reaction was the same in both areas. 
On April 3, both areas showed slight 
erythema and pigmentation: A and B were 
of identical appearance. On April 6, the 
erythema had vanished from both areas; 
they were both pale brown in color. The 
patient was seen on April 8, 14 and 20; 
the color remained unchanged; both areas 
were of the same tint. The patient was 
last seen on June 2; the tan ge disap- 
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peared from both areas; there were no 
sequelae, such as atrophy, dry skin, or 
telangiectasia. 

Comment. In this experiment, distance 
was halved and the time was quartered. 
Both areas reacted equally. This observa- 
tion verifies the two clinical experiments 
previously recorded (see Experiment No. 
10). 


Experiment No 7. For this observation, 


three areas, 34 square inch, one inch 
thn and labelled A, B and C, were 
chosen on the anterior surface of the right 


leg, 5 inches below the knee, of a brunette 
female, aged twenty-four. The constants 
were: Spark-gap, 8 in.; ma., 5; filter, 3 mm. 
Al.; tube No. 4. The exposures were made 
on "April 18. Area A was given 8 min. 
at 10 in.; B, 12 min. at 10 in.; C, 24 min., 
at 20 in. Three days later, April 21, anothe: 
area of the same size (D) was selected on 
the anterior surface of the left leg, 
given an exposure of 48 min. at 20 in. 
The patient was examined on May 35 
and 12; none of the areas showed evidence 
of reaction. On May 19, there was slight 
erythema in A, B and D. The erythema 
was equal in B and D;; there was distinctly 
less reaction in A. There was more epila- 
tion in B than in D. There was no visibk 
reaction in C, and no epilation in A. On 
June 4, erythema had disappeared from 
each area. There was slight pigmentatio1 


in A, B and D; B and D were 


and 


equal 
color, and they were more conspicuou 
than A. None of the areas showed com- 


plete epilation. The hairs were still loos« 
in B and D. On June 13, A was invisible. 
Pigmentation had not quite disappeared 
from B and D. The hair was no longe 
loose in B and D. In neither of these 
areas was epilation complete, although 
almost so in each. There had been no 
erythema, epilation nor pigmentation in 
C, and no epilation in A. 

Comment. Area A received an erythema 
dose consisting of 8 minutes at 10 inches; 
B, 12 minutes at the same distance. There 
was a very weak reaction in A, and a com- 
paratively strong response in B. Thus far, 
we see that an increase of dose resulted in 
a more pronounced reaction. The time 
and distance, that were used for B, were 
doubled for C, in which there was no 
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eaction at all. The distance (used for B) 
was doubled and the time (used for B) 
was quadrupled for D. The reactions, 
oth erythema and epilation, were the 


same in B and D. 


This observation con- 


firms the results of the foregoing experi- 
ments. 

Experiment No. 8. The patient was a 
et iced sixteen. Four areas A, B, 

and D) about *4 square inch and about 
ne inch apart, were selected on the inner 
surface of the left thigh just above the 
knee. The constants were : Spark-g: ip, Q INn.; 
dist: ince, 10 INn.; filter, I mm. Al.; 
tube No. 4. The time was: A, 5 min., 
12 sec. (H 2 skin distar | Witherbec nd 
Kemer); B, 7 min., 7 sec. skin dis- 
tance, Witherbee and Remer); C, 8 min., 
33 sec. H 4 skin distance, Witherbee and 
Remer); D, 11 min., 24 sec., (H 3!% skin 
distance, Witherbee and Remer Ery- 
thema developed In each area: It was a 


trifle more intense in B than in A; more 
marked in C than in B, etc. The erythema 
began sooner, laster longer, and was most 
intense at D, but there was no vesicula- 


tion, erosion, nor even perceptible edema. 

Comment. This is an interesting and 
instructive observation. Area A recei 
quantity sufficient to provoke a definite 
erythema. This erythema dose was doubled 


ed 


for D (time doubled, other factors un- 
changed). D reacted more vigorously than 

the erythema was more intense, but 
there was no ulceration, nor even dis- 
cernible edema. The tinctorial difference 
between the two areas was insufficient 
for convincing photographic record, and 


iT might escape indifferent observation. 
It is thus seen, that with filtered radia- 


tion, doubling the erythema dose (doubl- 
ing the quantity necessary for erythema 
In a given case) may result in what would 
be regarded, by many clinicians, as only a 
slight increase in reaction. It is advisable 


for experimenters to keep this oheerva tion 
in mind when — ng skin effects for 
a control. It should | e realized, also, that 
what is true in this for filtered 
radiation, not pertain to 
unfiltered radiation. If the erythema dose 
for unfiltered radiation is doubled, the 
visible cutaneous disturbance is likely to be 
greater than for a corresponding quantity 


respect 


does necessarily 
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the 
Issue to a 


of filtered radiation, 
latter the reaction 
oreater depth. 
Experiment 
blonde, 


although witn 


involves 1 


No Q. 
aged seventeen, 
observations were made. 
of area A on the inner 


patient 
ipon whom two 
he first consisted 
surface of the left 


Was a 


thigh, just above the knee; and B on the 
back immediately sont the waist line. 
A received: Spark-ga] ma., 5; 
distance, 20 In. vame. 20 min.; filter, 
> mm. Al.; tube No 1. B received 30 min. 
with the same constant and the same 
tube. The reaction in A began sooner, was 
much more intense, and | asted | onger than 


that in B. 

Comment. ‘This observa 
ing as it shows the 
known difference In 
existing between flexor and extensor 
faces of the same person. 

Experiment No. 10. 
and D) on 
thigh of the patient 
the last experiment, 
Spark-gap, 8 in.; 


tion is interest- 
and well- 
radiosensit 


T 
pronounc¢ ed 
Iveness 
SUI- 


Two additional 
same part of the 
who cooper: ited in 
exposed to: 
ma., 5; filter, 3 mm. AL; 


areas (C the 


were 


tube No. 4. C received 10 min. at 20 In.: 
D, 5 min. at 10 There was a definite 
erythema in ok. area, that in D being 
the more intense. The erythema in all 
four areas lasted at least two months and 


was followed by pigmentation that endured 
for over two months. 

Comment. C 
20 inches. 


minutes at 
Time and distance were halved, 


rec el\ ed IO 


D receiving 5 minutes at 10 inches. This 
is In accord with Witherbee and Remer’s 
rule, because, if the inverse square law 


10 Inches 
D reacted 
which is in accord 


had been followed, the time at 
would be 2 minutes, 30 seconds. 


more vigorously than Rss 


with the inverse square law. The differ- 
ence was not great, however, and would 
have been overlooked by a careless ob- 
server (see Experiment No. 6). Experi- 
ments 8 and 10 demonstrate the large 
margin of safety; also that there may be 
surprisingly little difference in visible 


cutaneous reactions with antities 
of radiation. 

Experiment No. 11. It is unusual to 
obtain erythema with the factors used i 
Experiment No. 10, even in sensitive skin, 
unless the patient Is very young. As a 


\ arious qu 
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contrast, the same constants with the 
exception of time, the same tube, same 
location, etc., were used for a _ blonde 
who was somewhat older (27 years of age). 
Area A received 12 min. at 10 in.; B was 
given 32 min. at 20 in. There was no 
erythema nor epilation in either area. 
Experiment No. 12. On a _ brunette, 
female, aged twenty-four, using the same 
constants and same part of the thigh as 
utilized for the last two experiments, 12 min. 
at 10 in., and 48 min. at 20 in., produced a 
faint erythema and a slight loosening of 
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the hairs. The reaction was equal in each 
area. 

Comment. It is thus seen that age, loca- 
tion, mild idiosyncrasy, color, etc., may 
influence the degree of visible reaction. 
The result of Experiment No. 12 is in 
accord with the inverse square law for 
distance. 

The results of the clinical experiments and 
observations are summarized in Chart tv. 
In this chart the terms employed to indi- 
cate degrees of reaction are of rough com- 
parative value only. They 


+ 


indicate, to 


CHART IV 
CLINICAL EXPERIMENTS 
“meat | Area Time | Diste | Al. | Tube | Loce | Color | Sex| Ri 
inches inches Mm. No tion 
A 9 5 T a 6 3 4 Thigh 27 Blonde F St 
B 9 12 3 4 Thigh 27 Blonde We 
A 9 5 6 3 4 Thigh 20 Blonde I St 
5 B 9 5 15° 24” 12 3 4 Thigh 29 Blonde F We 
C 9 4 30’ 42’ 12 3 4 Thigh 20 Blonde F Str 
— A 9 5 30" 20 3 4 Back 17 Blonde F St 
B 9 5 30’ 10 3 4 Back 17 Blonde F Stror 
7 A 8 5 8’ 10 3 4 Leg 4 Brunette F Ws 
B 8 5 12’ 10 3 4 Leg 24 Beunette F Su 
C 8 5 24’ 20 3 Leg 24 Brunette F Nor 
D 5 48’ 20 3 4 Leg F St 
A 9 5 10 I 4 Thigh 16 Blonde F Moderate 
. B 9 5 9 10 I 4 Thigh 16 Blonde F Moderate 
& 9 5 10 I ‘a Thigh 16 Blonde F Strong 
D | 9 5 1 ' 24” 10 4 Thigh 16 Blonde F | Su 
A 9 5 20’ 20 3 4 Thigh 17 F  Stror 
B 5 20 3 4 Back Stunde F Moderate 
- » 3 5 10 20 3 4 Thigh 17 Blonde F Moderate 
8 5 10 3 4 Thigh Blonde Stror 
A 5 12’ 10 3 4 Thigh 27 F None 
s | 3a’ 20 4 | Thigh| 37 | Blonde | F | Non 
A 8 5 12’ 10 3 4 Thigh ae ‘Deuaetee F Weak 
B 8 5 48’ 20 3 4 Thigh Brunetee F Wea 
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some extent, the red half tones. None of 
the reactions was really strong or intense. 
Che strongest reaction consisted of a well- 
marked erythema; not an intense hy 
mia. ‘| here was no edema, no erosiol ’ 
ulceration, etc. 


DeI- 


RELIABILITY OF PASTILLES 


[t was the result of pastille estimation of 
quantity, verified to some extent by 
effects, that Witherbee and 
Kemer to question the inverse square law 
for distance with filtered radiation. Pas- 
tille radiometers are now obsolete in this 
country. [Those who desire a dissertation on 
this particular subject are referred to a 
recent book on roentgen ray therapy. 
Suffice it to say that pastilles are so 
Insensitive that a difference of intensity 
amounting to over 50 per cent, 
mated by ionization, might not be detected. 
Furthermore, the experimental error is 
considerable. Working under ideal condi- 
tions, two experts are likely to differ to 
the extent of 25 per cent, which, in terms of 
ionization, would be a very 

Pastilles, when properly used, were 
very valuable for the purpose of measuring 
large doses and for verifying or checking 
technic. While the possibility of error was 
considerable, even in expert hands, yet, 
because of the enormous margin of safety 
in therapeutic work, the pastille method of 
quantitative estimation sufficiently 
reliable for practical purposes. But the 
point to be emphasized is that pastille 
estimation of intensity Is too Inaccurate 
and too insensitive to be used to change 
well-established laws of physics. 


encouraged 


as eStl- 


large error. 


was 


INTERPRETATION OF SKIN EFFECTS 

The fact that erythema develops several 
days subsequent to the administration of a 
sufficient quantity of roentgen ray, has 
provided a fairly satisfactory standard for 
dosage in clinical work. It has been found 
useful, also, for checking technique, pas- 
tille and photographic measurement, deter- 
mining tube output, etc. 

Because of the effect on toleration, of 
age, sex, location, pigmentation, texture of 
skin, congestion, disease, topical remedies, 
quality of radiation, mild degrees of 
idiosyncrasy, etc., it has been difficult to 
standardize accurately the erythema dose. 
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As a control in clinical, technical and 
experimental work, skin effects are of 
considerable value, but, through misin- 
terpretation, gross errors may occur. Ery- 
thema Is simply one visible manifestation 
of a complex biological reaction which 
involves the tissue to various depths. 
To a certain extent the degree of erythema 
indicates the amount of radiation absorbed 
by the skin, and the intensity of biological 
reaction in the skin. This is espec ially true 
when the erythema is mild or moderate. 
When more intense, it is difficult to detect 
differences in color. If a dose sufficient 
to evoke a pronounced erythema is applied 
to one small area of skin, and considerably 
more radiation is administered to an 
adjacent area, there may be but a slight 
detectable difference of reaction in the two 
areas, although it cannot be doubted that 
the larger dose occasioned considerably 
greater biological alteration in the cutane- 
ous and subcutaneous tissues. 

The value of comparative degrees of 
visible reaction appears to be greater for 
unfiltered than for filtered radiation. Begin- 
ning with a faint erythema, increase of 
quantity by stages is likely to result in 
corresponding tinctorial changes until ery- 
thema is intense, after which the sequence, 
for unfiltered radiation, is apt to be: 
superficial edema, pain, vesiculation, ero- 
sion, and ulceration. With filtered radiation, 
after the stage of profound erythema has 
been reached, there may be little if any 
visible change until deep ulceration unex- 
pectedly occurs. An experienced and care- 
ful observer, however, will usually note 
that the patient complains of pain and 
that there is deep edema, long before 
ulceration occurs. 

For the sake of safety and because 
visible differences are more likely to occur. 
it is preferable to utilize mild or moderate 
erythema to detect quantitative varia- 
tions by skin effects. Two areas of skin 
exposed at the same time to different quan- 
tities of radiation may look the same fora 
day or so during maximum reaction, but 
not during the entire evolution and involu- 
tion of the reaction. When two contiguous 
areas react to the same visible degree, but 
in one the erythema begins sooner and 
lasts longer, it may be assumed that such 
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area received the greater dose. At times 
this is the only way that comparative varia- 
tions of visible reactions can be detected, 
especially when dealing with intense ery- 
thema. It is advisable to inspect the areas 
at frequent intervals from the time of 
exposure to complete subsidence of reac- 
tion. These inspections should be made in a 
suitable light, by more than one person, 
and recorded. 

Test areas, for detection of quantitative 
variations, should be included in one small 
area of the body, and all exposed on the 
same day. It is inadvisable to depend 
upon one clinical experiment for a control. 
A number of such observations should be 
made for verification. It is important to 
watch for slight differences of reaction in 
contiguous areas of skin. In a previous com- 
munication? we demonstrated that an 
unfiltered quantitative difference of 57.8 
per cent was barely detectable by skin 
effects. In the present article, Experiment 
No. 8 shows that a filtered (3 mm. Al.) 
quantitative variation of 100 per cent 
causes surprisingly little difference in 
visible skin effects. 

Ability to observe acutely and accurately 
is important, and it is not a universal 
attribute. As Shearer® observes: “ As regards 
the comparison of erythema and coloration 
of the ia. it would be well to remember 
that preconceived notions may uncon- 
sleaile greatly influence readings in color 
matching.” Pigmentation not only in- 
creases toleration, but it may mask 
erythema. The tanning that sometimes 
occurs subsequent to exposure may make it 
difficult to judge intensity of erythema, or 
to detect the red half-tones. 

Photographic records of grades of ery- 
thema are useful but by no means infallible. 
It is often difficult to demonstrate shades of 
difference by ordinary photographic 
methods; and artificial variations may be 
unintentionally produced by imperfect 
lighting, faulty exposure, posing, develop- 
ing, printing, etc. 

A method that is so insensitive and sub- 
ject to so many errors, while of consider- 
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able importance as a check on technique, 
is of questionable value when used to 
negative an irrefutable law of physics. 


CONCLUSIONS 


The results of 
quantimeter) 


ionization (ionto- 

experiments, with thick- 
nesses of aluminum ranging from 0.25 to 
3 mm., conform approximately to the 
inverse square of the distance law. 

2. Carefully conducted skin tests give 
results that support those obtained with 
the 1iontoquantimeter. 

The law for filtered radiation is the 
same as that for unfiltered radiation: 
intensity varies inversely as the square of 
the distance; not inversely as the distance, 
as has been claimed. 

Dr. Fred Wise and Dr. Howard Fox 
each loaned us one tube, a kindness that is 
much appreciated. We thank our assistant, 
Dr. Blanche Norton, who helped with the 
technical work and clinical observations. 
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THE FUTURE 


DENTAL 


RELATIONS OF 


THE MEDICAL AND 


PROFESSIONS* 


BY BYRON C. DARLING, A.M., M.D. 
EW YORK CITY 

he fields of the dentist and the physi- presented his startling and_ significant 

cian were clearly defined, and sition paper showing the seriousness of systemic 
was directly concerned with the work of infections traceable to oral infections, the 
the other until oral foct of infection were whole situation changed. Then the teeth 
understood and their systemic Importance’ were seen to be of the first importance in 
appreciated. As soon, however, as the medical diagnosis, and the 


physici: in became concerned oral foci 
of infection, the teeth 
tance which they had 
and their examination, 
treatment became of g 
Then the following questions be 
decided: Was the dentist to rely ether 
on the diagnosis of the physician? Who was 
to decide when oral 
import were present? 
conditions invariably 


assumed an impor- 
not 

diagnosis, and 
terest. 
had to 


| 
aitog 


‘reat medical in 


infections of serious 

Could the systemic 
or solely be ascribed 
to the oral infections? How could tne oral 
infections be removed? 

The situation was further complicated 
by the fact that the decisive factor in diag- 
nosis of teeth as regards the focus of 
tion was the roentgenogram. This 
duced another complication ‘nto 
fessional situation—the province 
limits of the function of the 


infec- 
Intro- 
the pro- 

the 


genolo- 


| 
and 


roent 


gist, medical and dental. If a physician, 
should he state findings, and_ indicate 
extractions or treatment? Could and 


should the dentist do his own roentgen ra\ 
work? In the latter case, who should make 
the final diagnosis and be responsible for 
the treatment? It is easy to see that with 
such opportunities for discussion occurring 
much acrimonious recrimination would 
pass between the professions concerned. 
When the roentgen 


ray was first Intro- 
duced, it showed disease about dental 
appliances and abscesses at the ots of 
teeth which appeared sound and were 
considered to have been satisfactorily 
filled. The first principle of the dentistry 
of that time had been the preser\ ition of 
the tooth at any cost, and dentistry could 


not be held to any further responsibility 
at that stage of development, for there was 


no basis for anv other conclusion. W hen, 
however, IQII, Sir William Hunter 
* Read at the 1 t t t \ ial M AMER 


ROEN 


emphasis of 
accordingly to change. 
Many dentists, appreciating the changed 
situation, acted accordingly, and _ their 
results have proved the soundness of their 
judgment. Too many other dentists, 
ever, continued to maintain the earlier 
attitude with a certain critical reaction 
toward the medical profession as a whele, 
and are only now beginning to realize that 
the times are leaving them behind, for, 
without doubt, the tendency of the times 
is to rank dentistry also as a department of 
medicine, surgery and the specialties 
rank. 

Nevertheless, the situation is not yet 
generally fully and the 
relations of the professions involved have 
yet to be more exactly defined. The 
course of practice, naturally, has gradually 
shown and continues more and more to 
show what the correct procedure is until 
in the end a satisfactory and harmonious 
system of cooperation between the medical 
man (general practitioner and specialist), 
the medical roentgenologist, and the den- 
tist, will certainly be evolved. 

At the present time there are theoreti- 
cally three possibilities of action among the 
three classes concerned, that is between 
the dentist, the physician, and the medical 
or dental roentgenologist. First, the den- 
tist may make his own roentgen films and 


dentistry had 


he 


as 


or 


his own diagnosis, and determine the 
treatment, which he will then proceed to 
carry out; to do this, he may often assume 


medical responsibilities beyond his func- 
tion. The situation may be ethically more 
complicated if he sends his work out to 
unsupervised laboratories whose findings 
are frequently m: ide by technicians not 
professionally nor legally qualified. Second, 
the physician in charge of the case may 
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diagnose, and from an examination of 
films indicate extractions or treatment the 
dentist should follow. Third, the roentgen- 
ologist, a medical or dental specialist, may 
diagnose and indicate extraction or treat- 
ment of the focus of infection as a guide to 
the dentist and as an assistance to the 
physician because he is a specialist in this 
department, and by his experience and 
at especially qualified to assist both 
the general practitioner and the dental 
surgeon. This ts the theoretical situation. 
What the situation actually is, is another 
matter; what it might be should be mutu- 
ally determined for the best interests of the 
patient. 

At present the actual situation shows an 
utter lack of any uniformity of practice; 
the medical and dental professions have 
not agreed on any standardized treatment 
of the dental focus of infection; there is 
not more than an experimental working 
basis to be found anywhere in the entire 
country. Among the dentists as a group 
there is no standard of practice. Further- 
more, in the consideration of any such den- 
tal focus of infection, it is generally the 
dentist who decides as to the course to be 
followed, whether extraction or treatment, 
or trial treatment and later extraction. 

At present there is little impulse toward 
any movement standardizing practice and 
arriving at a methodical and generally 
applicable procedure for cooperation be- 
tween the two professions. Here and 
there in two or three cities some steps have 
been suggested, but nothing definite has 
been done to carry them out as far as 
combined committee meetings and corre- 
lation of cooperation are concerned.! 

The obligation clearly rests upon the two 
professions concerned that they shall take 
steps to establish a procedure which will 
allow them to function adequately in logi- 
cal and ethical cooperation in the service 
of the public. 

Concerning the responsibility for diag- 
nosis by the roentgen ray, practice and 
opinion are as diverse as to the relative 
functions of the two professions in deciding 
the course of treatment. In practice, it 
is known that many dentists consult with 

1 Darling, B, C 


any stz 


Radiol., 


Can the n me lical ond dental professions agree on 
undardized treatmer e dental focus of infection? J. 
19 23, 1V 


39-44. 
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medical or dental 
many do not. 


but 
is fostered by 
some toward closer association of medical 


roentgenok ISts; 
A tendency 


with dental responsibility, but certainly 
many dentists are opposed to consultation 
with medical or dental roentgenologists 
over roentgenograms. Yet what dentist 
can decide and when, if ever, that the case 
concerns the dentist alone? 

The procedure that I have established in 
my own practice is as follows: When a 
physician sends a patient to me for a 
dental examination, | send to the physician 
an envelope containing the films, two 
written reports, and two charts indicating 
my interpretation. One chart and one re- 
port are for the physician’s files to go along 
with the patient’s other history and 
laboratory reports. The original chart and 
report are enclosed in a sealed envelope 
addressed to the dentist. This may be taken 
to the dentist by the patient along with the 
films. Thus the patient should have no 
opportunity to study the report before the 
dentist receives it. If a dentist sends the 

atient, the films and report go directly to 
him under seal. 

On account of patients changing dentists, 
and for other reasons as they may arise, a 
better method might be worked out as 
follows: Send to the patient also copies of 
the charts and letters from the roentgen- 
ologist. Then, if the patient wants to take 
the responsibility of retaining teeth marked 
for extraction, the dentist is in a safe 
advisory position. He is not running 
counter to medical recommendations and 
practices. As a matter of fact, however, 
public opinion is steadily increasing its 
pressure In favor of such practice as would 
save health instead of diseased teeth, and 
the patient will, in most cases, follow the 
physician’s convictions, if he has any. 

- The reasons for this procedure are: 
The professional roentgenologist should 
be able to give an impartial and disinter- 
ested interpretation and recommendation 
with reference to the tooth and the alveolar 
condition as shown by the roentgen ray. 
The medical or dental roentgenologist 
deals with a fairly exact method of diagno- 
sis; he is concerned only with determining 
the facts, and giving proper aid and infor- 
mation. He is free from pride of reputation 


The Future Relations of the 
in the previous dental work, and from 
financial interest in future dental work. 
He is trained to interpret and value the 


roentgen ray evidence, and so Is In a posi- 
tion to appreciate the method of 
dure that will cure the disease, whether 
this be the root canal treatment (so-called 
root amputation, or tooth extraction. 
The impression some dentists hay 
in order to know the 


DroCce=- 


that 


angle S, each fe Ist 


must expose every film himself, is a mis- 
apprehension. Every tooth should be taken 
from two or three or even more angles, and 


the films, overlapping, sige: the matter 
SO that no one can tell, live nu tes aiter- 
ward, except in a general way, just howany 


one tooth was taken. The ambitious at- 
tempt of some to run mathematical lines 
and angles is only a passing phase. The real 


object is to get a 
interpretation ol 
Tor th, and a 


composite diagnostic 


he condition about each 


pply it to the clinical 
examination. 
For many dentists the installation of 


equipment for the use of the roentgen 
ray, and the making of the series of ten 
to twenty-four necessary for a diag- 
nostic survey, has proved a mistake for the 
following reasons: 
dentists take 
themselves technically so 
enough roentgenograms. 
been able 
this work. 
2) Ability in 
through 


liims 


1) Few time to perfect 
as to get clear 
Few dentists have 
to obtain trained assistants for 


nterpretation comes only 
experience. The mere fact 
that he is looking at a picture of the parts 
does not make an amateur an expert roent- 
genologist. There are many roentgeno- 
graphic variations of the same thing, and 
only experience and familiarity 
proper sense of values by independent 
judgment, a entirely different from 
recognition of a condition when it is pointed 
out by an expert roentgenologist. 

(3) The use of the roentgen-ray machine 
does not pay many dentists because the 
the machine is greater than any 
return it makes to an individual dentist. 
It is costly in its original investment. 
Comparatively, the dentist would use the 
machine less than he would any other piece 
of equipment. He would lose the idle time 
of the machine. It would not pay 


long 


a 


sense 


cost ot 


him, 
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therefore, spend time studying a spec- 
ialty, to spend money in installing a 
machine that would not return the money 
spent, and that would take his time from 
his own specialty. 

One man cannot well practice two 
specialties at once. Dentist1 IS enough 
without attempting roentgenographic work 
as a side-line. 

The chief reason is, of 
necessity of the dentist sta 
province, and placing himself, where gen- 
eral medicine is areal in the same 
relation to the diagnostician as the operat- 


the 
within his 


course, 


ving 


ing surgeon does. With respect to the 
teeth, of the specialists concerned the 


roentgenologist is in a strateg 
position. Therefore, indirectly through the 
general practitioner, or directly, the den- 
tist should value the suggestions furnished 
by the roentgenologist and the physician, 
consulting with them if he differs, some- 
what as a surgeon would with the diagnos- 
ticlan on whose advice he operates. 


ically sound 


SUMMARY 


The introduction of the roentgen ray 
showed diseased conditions around teeth 
that, clinically, dentists at that time pro- 
nounced sound. Since that time, the 
roentgen ray has been the chief aid in the 
diagnosis of oral infections. 

General medicine est 
causal relation of 


iblished the 
the oral foci of infection 
to secondary systemic infections. While 
other foci may be concerned, the greater 
weight of proof charges many conditions 
to oral infections. Experience of general 
practice supports the importance of the 
elimination and prevention of oral foci of 
infection. 

3. For these two the general 
practitioner and the roentgenologist and 
the patient are concerned in oral infections, 
as rT as the dentist. 

. Therefore, it is desirable that a stand- 
a procedure be worked out to make the 
rel: fier of the three classes of professional 
men concerned as harmonious a efficient 
as possible in the interest both of the: 
professions and the public. 

5. It is the business of the medical diag- 
nostician to pronounce on the condition of 


reasons, 
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oral foci of infection, and to indicate their 
removal. 

6. But as the diagnosis of oral infection 
is so largely dependent on the roentgeno- 
gram, the roentgenologist is logically the 
medical or dental man who can as a referee 
determine the possibility of infection, esti- 
mate its seriousness, and indicate its 
treatment, the dentist consulting with him, 
or with the general practitioner who may 
be in charge of the case. 

7. Actual dental practice is moving 
toward this cooperation. It is desirable that 
medical and dental societies should appoint 
committees to consider closer cooperation 


and establish a standard practice. At pres- 
ent, too much is being systematically done 
to the contrary. 

Far too often a patient now suffering 
from some ailment where infection about 
the teeth may be a factor, is seen by his 
phy sician, and even referred to other phy- 
siclans, and none of them feels the expe- 
diency or the necessity of making certain 
as to the possibility of infection about the 
teeth. Rarely does anyone question the 
dentist or request his dental films for 
examination and comparison. Information 
about every other part of the body is 
desirable; why not that about the teeth? 
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i ie great importance now ascribed to 
focal infections as a cause of many 
systemic disorders has emphasized the 
desirability of a closer coordination of the 
efforts of all who are endeavoring to con- 
serve life and health. Medicine and den- 
tistry had for many years been regarded as 
having little in common, but the modern 
concept of focal infections has brought the 
attention of both professions face to face 
with the fact that such an idea is wholly 
untenable. Efforts to coordinate the two 
have been difficult because of fundamental 
differences in education and training. They 
have lost the close contact with each other 
that exists between the respective special- 
ties of the two professions, and largely for 
this reason have been siow to appreciate 
and understand each other’s point of view 
with respect to infectious processes about 
the teeth and jaws. 

The diagnosis of such conditions is 
based to a very large extent on the roentgen 
findings. This fact has served to place the 
general roentgen diagnostician as a buffer 
between the internist and dentist, a posi- 
tion which invites criticism from one or the 
other and not infrequently from both. 
This circumstance has doubtless had much 
to do with sidetracking much of the dental 
roentgenology into other channels. 

Dental roentgenology may be done in 
one of several ways: 


MEDICAL 
PROFESSIONS WITH SPECIAL 


AND DENTAI 
REFERENCE TO 


THE ROENTGENOLOGIST 


By a technician who furnishes th 


films to the dentist or physician, the latte 


making their own interpretations. 


This method is objectionable because 
many physicians and dentists do not 
have the requisite training and experi- 


ence to qualify them for making roentgen 
interpret: ations. The so-called commercial 
roentgen-ray laboratory is fundamentally 
pernicious, and the patronage of such insti- 
tutions is not conducive to the best 
interests of either physician, dentist or 
patient. They have never contributed 
anything to the advancement of the science 
of either medical or dental roentgenolog 
and the probabilities are that they 
will. This fact alone should be sufficien 
to merit their condemnation by both t 
medical and dental professions. 

2) By a medical roentgenologist who 
describes the roentgen findings in the light 
of a knowledge of the anatomy and pathology 
of the teeth and jaws. 

This method is not fundamentally objec- 
tionable but has certain advantages and 
disadvantages. It has the advantage in 
that the medical roentgenologist brings 


nevel 


+ 


cne 


to bear a general knowledge of roentgen 
diagnosis, and has an adequate concept 
of the importance of his findings as they 
relate to the general health of the patient. 
As in other branches of roentgen diagnosis 
his findings are subject to review and cor- 
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rection in the light of the history of the 
case and other clinical data. He Is at a 
distinct disadvantage in that he does not 
as a rule maintain a close touch with clini- 
cal and operatiy e dentist and does not 
dev elop the same diagnostic acumen that 
is possible in other lines through association 


with his confreres of the medical profession. 
} 

3) By a dental roentgenologist who inter- 

prets the roentgen findings not only in (he 


light of a knowledge of the anatomy and 
pathology of the teeth and jaws, but also in 
the light of knowledge gained from a complete 
clinical examination and a history of the case. 

This method is not fundamentally 
objectionable, but has some of the dis- 
advantages inherent in the second method. 
The dental roentgenologist should realize 
that the relation of pathological conditions 
of the teeth or jaws to sy stemic disease 
must be judged in each individual case by 
a physician and not by a dentist. 


4) By the association of the medical and 
dental roentgenologist in order that the one 
may complement the otber. 

Such a plan would contemplate the 
establishment of a department of dental 
diagnosis under the direction of a dentist 
as a distinct unit of a roentgenological 
clinic. It would seem that such 


n arrange- 
ment would embrace all of the advantages, 
and obviate all of the disadvantages inher- 
ent in the other methods. It would bring 
the two professions nto close contact, 
and promote a better understanding of 
their respective problems. It would be 
conducive to more thorough and intensive 
study of oral pathology and promote 
scientific accuracy. Last, but not least, it 
should prove helpful in rescuing dental 
roentgenology from the field of com- 
mercialism, and place it upon a higher 
plane of scientific endeavor. 
[Hos. A. GROOVER. 


Subscribers to THE AMERICAN JOURNAL OF ROENTGENOLOGY AND RapiuM THERAPY 
visiting New York City, are invited to make the office of THE JouRNAL (69 East soth Street, 
New York) their beadquarters. Mail, packages or bundles may be addressed in our care. Hotel 
reservations will gladly be made for those advising us in advance; kindly notify us in detail as 
to requirements and prices. List of operations in New York hospitals on file in our office daily. 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


Items for this column solicited promptly after the events to which they refer. 


ANNOUNCEMENT OF ANNUAL MEETING 
AMERICAN ROENTGEN RAY SOCIETY 


September 3, 4, 5, and 6, 1924 


‘oe meeting this year is to be held at 

the New Ocean House at Swampscott, 
Mass. This is a very comfortable resort 
hotel located directly upon the shore about 
fourteen miles north of Boston. This 
location makes immediately accessible 
many points of historic interest along the 


famous “North Shore;” Marblehead, 


per day per person. Single rooms and bath, 
$10.00 per } se per person, with a limited 
number at $9.00 per day; suites of two 
double rooms with bath between, each 
room equipped with twin beds, $7.50 per 
day per person. 

A banquet will be held on one of the 
evenings of the meeting for which a charge 


The New Ocean House and its surroundings at Swampscott, Mass., where the ‘annual meeting of the 
American Roentgen Ray Society will be held on September 3, 4, 5 and 6, 1924. 


Gloucester, Salem and Newburyport are 
all within a short distance. 

Reservations should be made at an early 
date since accommodations may be some- 
what limited. The rates are as follows, 
all on the American plan: Double rooms 
equipped with twin beds and private 
bath, $8.00 per day per person, with a 
limited number of choicer rooms at $9.00 
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of one dollar per plate will be made to those 
registered at the New Ocean House and 
$5.00 per plate to those not registered. 
Dr. Richard Cabot, Dr. Gésta Forssel! 
and Dr. P. M. Hickey will be the speakers 
at the banquet. 

A description of Boston and its medica! 
work is published in this issue of the 
Journal. 


| 
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Dr. Holmes’ tentative plans for the 
rogram are as follows: The first morning 
vill be devoted to papers and discussions 
yn the lesions produced by radiation. In 
the afternoon of this day there will be 
apers ON physical and biological problems. 
Among those presenting papers on this 
day are Drs. Wolbach, Pfahler, Porter, 
Duane, Failla, Bovie, Wood, and Martin. 
The evening of the first day is to be 
devoted to a discussion of bone sarcoma 
by Dr. Codman. A special feature of this 
will be the registration of cases of bone 
sarcoma. A letter and registration blank 
for these cases is being mailed to each 
member of the American Roentgen Ray 
Society by Dr. Codman and it is hoped 
that many will take part in the discussion 
and that each member will register at 
least one case. 

The forenoon of the second day will be 
devoted to papers on radiation therapy by 
Drs. Greenough, Minot, Bunting and 
others. In the afternoon there will be a 
sight-seeing trip and clam-bake. The even- 
ing of the second day will be given to the 
Caldwell Lecture which will be delivered by 
Professor Gésta Forssell of Stockholm, and 
the title of which is “Experiences of the 
Permanency of the Radium 
Malignant Tumors.” 

On the third day the diagnostic program 
will begin. The forenoon will be devoted 
to diseases of the brain, spinal cord, skull 
and spine by Drs. Cushing, Sosman, Mac- 
millan and Muixter. In the afternoon 
there will be papers on diseases of the chest, 
and in the evening will be the annual 
dinner-dance. 

On the fourth day there will be papers 
on the gastrointestinal tract, and several 
papers on miscellaneous subjects. 

There is room on the program for a few 
more papers and Dr. Holmes will be 
pleased to hear from members of the 
Society who have something of value to 
offer at this meeting. 

Arrangements are being made for the 
scientific exhibit, and it Is requested that 
all who have films or lantern slides to 
exhibit communicate with Dr. P. F. 
Butler, 35 Bay State Road, Boston 17, 
Mass. The number of films, plates, or 
prints and their size, should be stated. 


Cure in 


MEDICAL WORK IN BOSTON 


To attempt to describe the medical work 
in Boston without saying anything con- 
cerning the city and its environs would be 
like drawing a picture without a back- 
ground. Just as the modern Boston rises on 
the foundations of the old, so the medical 
work has its beginnings in the past; and 
among the notable landmarks proudly com- 
memorated by the city are not only those 
of famous persons and famous places con- 
nected with our early history, but of those 
who by their genius or their philanthropy 
have enriched their fellow men and added 
luster to their country. 

At Provincetown, the spot where the 
Pilgrims first landed on the bleak New 
England shore, stands a lofty monument 
the construction of which was shared in by 
every state in the Union. At Plymouth, 
where during the first winter nearly half 
the colony died of sickness and starva- 
tion, are numerous memorials of these 
sturdy God-fearing people. The rock on 
which the Pilgrims landed has been re- 
stored to its original position. Pilgrim Hall, 
in the heart of the town, is the repository 
of Pilgrim antiquities, among which are 
the chairs of Elder Brewster and Governor 
Carver, the cradle of Peregrine White, and 
the sword of Myles Standish. In the 
County Court House may be seen many of 
the original records, deeds, and wills of 
these first settlers. At the extreme north 
of the town stands the National Monu- 
ment to the Forefathers, built on a hill 
which commands an extensive view of the 
town and the harbor. 

Encouraged by the examples of the 
Pilgrims, small groups of Puritans crossed 
the broad ocean, and settled on the shores 
of Massachusetts Bay. In 1628 John 
Endicott took command of a little colony 
to which he gave the Biblical name of 
Salem, a word meaning Peace. 

In 1630, only ten years after the landing 
of the Pilgrims at Plymouth, the wise and 
noble John Winthrop founded the Massa- 
chusetts Bay Colony, and became its first 
governor. During the same year he estab- 
lished settlements at Dorchester, Roxbury, 
Charlestown, and Watertown. Governor 
Winthrop made his headquarters first at 
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Charlestown, and then on a small hilly 
peninsula which the Indians _ called 
Shawmut, but which the English called 
Trimountain, or Tremont, in allusion to 
the highest hill with its three summits. 
After a short time, however, to commem- 
orate the ancient town in Lincolnshire 
from which some of the leading settlers 
had come, the name was changed to 
Boston. The ancient Indian name, 
Shawmut, is still preserved in Shawmut 
Avenue; the English name, Tremont, is 
commemorated in Tremont Street. 


From this handful of people the town of 


Boston has grown to a city of nearly a 


a mile west of Cambridge. The houses of 


Lowell and Longfellow, in Cambridge, 
have become shrines. Oliver Wendell 


Holmes, although better known as _ the 
author of “Old Ironsides”’ and the “ Auto- 
crat of the Breakfast Table,” 
tinguished anatomist in the 
Medical School. 

The little town of Salem, fourteen miles 
north of Boston, became famous for her 
ships, which sailed not only to Europe, but 
to the Far East. Memorials of these long 
voyages will be found tn her museum. The 
town still preserves Gallow’s Hill, where 
the witches were hanged, and is otherwise 


a dis- 
Harvard 


Was 


Showing the group of Harvard Medical School buildings. 


million inhabitants, and from its small 
beginnings have grown institutions of 


world-wide fame. The city and its environs 
teem with historic landmarks, and space 
permits the mention of but a few of the 
most prominent. 

The Puritans believed in popular educa- 
tion, and in 1635, six years after settling 
on Massachusetts Bay, they founded the 
Boston Latin School, which even today is 
the great public classical school of the city. 
A vear later they founded Harvard Col- 


lege, as a part of the school system of 


Boston. Among the noted scholars and 
teachers more recently connected with 
Harvard mention may be made of Agassiz, 
Lowell, and Longfellow. Their tombs will 
be found in Mount Auburn Cemetery, 


well known through Hawthorne’s romances 
and the ‘‘ House of the Seven Gables.”’ Not 
far away is the quaint town of Marblehead, 
with its twisting narrow streets, and many 
of its old and still beautiful houses. 
Farther to the north is Gloucester, the 
home port of the greatest deep-sea fisher- 
men in the world. Here is Norman’s Woe, 
about which Longfellow wrote the “Wreck 
of the Hesperus.” 

To the west of Boston, beyond Cam- 
bridge, lie the towns of Arlington 
(originally called Menotomy), Lexington, 
and Concord, all closely connected with 
the history of the American Revolution. 
Concord was destined to attain still greater 
fame as the home of Louisa May Alcott, 
Henry David Thoreau, Nathaniel Haw- 


} 


thorne, and Ralph Waldo Emerson. The 
graves of these distinguished persons are 
in Sleepy Hollow Cemetery, in the north- 
eastern part of the town. 

Ten miles to the south of Boston, in the 
town of Quincy, stand two Colonial houses 


in which were born two of our earliest 
presidents, John Adams and his eldest son, 
John Quincy Adams. Farther south lies 
Marshfield, the home of Daniel Webster, 
where his tombstone bears the epitaph 
which he himself wrote shortly 


bef« re 


Museum of | 


death. Still farther south, near Plymouth, 
is Duxbury. Here Myles Standish had his 
farm, on the highest part of which has been 
reared the Standish Monument, visible for 
many miles by land and sea. 

Of the history of Boston itself and its 
immediate vicinity the merest outline 
would require many pages. Here, in the 
heart of the old city, stands Faneuil Hall, 
the Cradle of Liberty. Here is the Old 
South Meetinghouse, which resounded to 
the stirring words of Samuel Adams, the 
Father of the Revolution. Here is the Old 
North Church, where the lanterns were 
hung in the tower to tell Paul Revere when 
the British troops were starting for Lexing- 
ton and Concord. Here, in 1775, that noted 
physician, Joseph Warren, fell at Bunker 
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Hill. Here, on Dorchester Heights, stands 
a monument to mark the spot where 
General Washington planted his cannon 
and forced the British to evacuate the city. 
The old burying grounds of Boston con- 
tain the tombs of many famous men con- 
nected with the colonial days. Among the 
graves in the Old Granary Burying Ground 
are those of James Otis, Paul Revere, and 
Samuel Adams. Here and there throughout 
the old part of the city numerous tablets 
commemorate noted places and persons. 


It was in Boston, in 1839, that Samuel 
Morse put in operation the first telegraph 
line. It was in the laboratories of Harvard and 
the Massachusetts Institute of Technology 
that Alexander Graham Bell worked out his 
experiments and gave to the world one of the 
greatest of all inventions, the telephone. 

Of the public schools and_ general 
educational institutions of the city there ts 
only time to say that nobody need hunger 
for an education, and that within the 
metropolitan district the public have 
access to three million books. 

A description of the medical institutions 
of Boston would fill a large volume. It ts 
impossible to do more than give a general 
description of the most prominent schools 
and hospitals. 


had 
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The Harvard Medical School was 
founded in 1782. It is now situated on 
Longwood Avenue, in five extensive marble 
buildings, the gifts of generous benefac- 
tors. This medical school is the third oldest 
in the country, and its usefulness and 
influence have been very great. It is inti- 
mately connected with the many neighbor- 
ing institutions, among which are the 
Peter Bent Brigham Hospital, the 
Children’s Hospital, the Infants’ Hospital, 
the Lying-in Hospital, the Colis P. 
Huntington Memorial Hospital (for the 
treatment of cancer), the Carnegie Nutri- 
tion Laboratory, and the Harvard Dental 


adenoids of the poor children of the city. 
It has classes and teaching clinics, which 
exert a strong influence for oral hygiene 
and preventive medicine. Its splendid 
marble building and equipment were gener- 
ously given to the city by the two Forsyth 
brothers. 

The Massachusetts General Hospital is 
situated on Fruit Street. It was founded in 
1799, Was Incorporated in 1811, and was 
opened for patients in 1821. It ts the 
second oldest hospital in the country, 
and is intimately connected with most of 
the earliest medical history of the city. It 
is the birthplace of surgical anesthesia; for 


Boston Public Library. 


School. For entrance, the Harvard Medical 
School requires the degree of Bachelor of 
Arts or Bachelor of Science. 

Tufts College Medical School is situated 
at the corner of Huntington Avenue and 
Bryant Street. For entrance, it requires a 
two years’ course in premedical work. Its 
entering class numbers about one hundred 
and forty students. It receives, also, a 
certain percentage of women students. 
Boston University Medical School is on 
East Concord Street. The dental schools 
of Harvard and Tufts are near their 
medical schools. They are large and active, 
and have high standing. 

The Forsyth Dental Infirmary for 
Children is situated in The Fenway. It 
takes care of the teeth, tonsils, and 


here, in 1846, Doctor William T. G. 
Morton demonstrated the use of ether as 
an anesthetic. It may be mentioned, in 
passing, that the term anesthesia was sug- 
gested by Doctor Oliver Wendell Holmes, 
of the Harvard Medical School, where 
Morton had been a student, and that a 
sculptured group in the Public Garden 
commemorates Morton’s discovery. It was 
at this hospital, also, that hospital social 


service originated, under the guidance of 


Doctor Richard C. Cabot. By us the 
hospital is best remembered as the scene of 
the labors of the late Doctor Walter J. 
Dodd. 

The Boston City Hospital ts situated on 
Harrison Avenue. It has a capacity of 


twelve hundred beds. It comprises a 
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general hospital, a contagious hospital, 
two emergency stations in the crowded 
parts of the city, and a convalescent home. 
Its medical staff numbers a hundred and 
forty-six visiting physicians, and ninety- 
seven internes. It is one of the three large 
teaching hospitals. The Thorndike Mem- 
orial Laboratory, just completed, contains 
clinical and roentgen laboratories which are 
among the newest and most complete. 
Che hospital has just received an appro 


Massachusetts General Hospital Mosely 


priation of three million dollars for addi- 
tional buildings and additional scientific 
equipment. 

The Peter Bent Brigham Hospital, near 
the Harvard Medical School, is one of the 
newer hospitals. It is equipped with all mod- 
ern facilities for clinical work, research, and 
teaching. It has a salaried staff, all of whom 
are teachers in the Harvard Medical School. 

The Children’s Hospital, for children 
under twelve years of age, is a new plant, 
and one of the very best. The achieve- 
ments of its orthopedic department 
especially noteworthy. 

The Homeopathic Hospital is a large 
general hospital. As a teaching center, it 


are 
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is closely associated with the Boston 
University Medical School. 

Besides these there are many other 


smaller hospitals which welcome visiting 
physicians. Among them are the Carney 
Hospital, in South Boston, the Robert B. 
Brigham Hospital for Chronic Diseases, in 
Roxbury, Saint Elizabeth’s Hospital (a 
general hospital), in Brighton, the New 
Infants’ Hospital, and the  Lying-in 
Hospital. 


Memorial Building), Administration Building. 


The Boston Medical Library is situated 
in The Fenway. It contains more than a 
hundred thousand bound volumes, and 
sixty-five thousand pamphlets. Here are 
also gathered together many other objects of 
medical interest, among which is the Storer 
Collection of Medals. This is the meeting 
place and headquarters of the Massachu- 
setts Medical Society and of other kindred 
societies. The use of the building is free to 
all physicians. 


Note: The illustrations are furnished through 
the courtesy of The Boston Post. 


P. F. Butter. 
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To the Editor, American Journal of Roent- 
genology and Radium Therapy. 
Dear Sir: 

Many of those working with the 
roentgen ray are afraid of becoming 
sterile. In the early days when there was 
no protection many operators were 
rendered sterile. Under modern conditions 
the operator is well protected but this 
should not keep him from examining from 
time to time the condition of his safe- 
guards. In one department of which | 
have personal knowledge a stray beam of 
the roentgen rays played every day for 
several hours on the loins of the operator 
and produced sterility. A crack in the 
protection which had been unsuspected 
caused the accident. On the other hand, 
good protection leaves the operator quite 
untouched, as witness the fact that during 
the last two months there have been addi- 


tions to the families of three of the staff 
in my roentgen department. The work of 


these three includes all phases of roentgen- 
ray work. One makes roentgenograms all 


day, one gives treatments and does dental 
work, and one does the roentgenoscopk 
work. The three babies are all healthy 
and well formed. 

One may therefore discard the idea that 
workers suffer from sterility in a modern, 
well-protected roentgen department. 

Very truly vours, 
A. Howard Pirie. 
Royal Victoria Hospital, Montreal, 
June 2, 1924. 


THE LEONARD PRIZE 


The American Roentgen Ray Society 
is again offering the Leonard Prize in 1925, 
and details appear on advertising page | 
of this number of the JourNaL. The 
manuscripts submitted for the previous 
prize were of a high order of merit and 
covered a variety of subjects pertinent to 
roentgenology. It is to be hoped that the 
contestants for the next prize will be 
equally zealous in their efforts. 
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DEPARTMENT OF TECHNIQUE 


Department Editor: Davin R. Bowen, M.D., Pennsylvania Hospital, Philadelphia, Pa 


In this department will be published from time to time, ds material is available, suggestions for improv ement in technigue 


A SATISFACTORY FILM DRYER 


BY HOWARD 
Her 
DETROIT, 


( NE of the most difficult problems in a 

busy roentgen-ray laboratory is the 

eflicient drying of films, not only for the 

purpose of conserving drying space but 

for the prompt return of reports. An 

efficient dryer should be compact and built 


Fic. 1. Front and end view showing blower system 


In units so that additions may be made 
when needed. The efficiency of the drving 
principle should also be high. Figure 1 
shows a dryer which we have been using 
for some time and which has been entirel\ 
satisfactory. 


DOUB, M.D. 
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The unit consists of five drawers each 
holding nine films, and one drawer holding 
twelve dental film holders. These drawers 
are removable and may be filled in the 
dark room and then conveved to the dry er. 
We have found it satisfactory to have a 


film drawer and the dental film drawer open. 


number of extra drawers which can be filled 
and inserted as a drawer of dry films ts 
removed. Figure 2 shows the arrangement 
of the slots in these drawers which pre- 
vents the films touching each other regard- 
less of the current of air blowing against 
I 
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them. These slots are arranged so that they 

will accommodate any size film holder. 
Figure 3 shows the inside of the heating 

unit consisting of a metal truncated cone 


Fic. 2. Film drawer and dental film drawer looking in 
from top. 


with a motor blower in the smaller end. 
In front of this blower are four electric 
toaster elements covering practically the 
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entire fan area. These elements are wired 
to two switches so that all four elements 
may be used at once or any two of the 
diagonally placed elements. 

Figure 1 shows the switches controlling 
both the heating elements and the fans. 
As each heating switch is turned on a red 
bulb is lighted so that one ts always aware 
of the number of heating elements being 
used at any time. Each fan has a rheostat 
giving the option of several speeds. The 
fan may also be run in reverse tf desired. 


Fic. 3. Inside view of blower-heater cones. 


We have found that with this dryer 
films can be dried in from 20 to 25 minutes 
on dry days, and in from 30 to 45 minutes 
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on damp days. If it were necessary to decided advantage over the blower principle; 
shorten this time, one could first precipitate not only in ‘a more even distribution of the air 
the moisture in the air by some chemical but also ina greater {reedom from dust deposit. 
means or by a very low temperature and However, most of the dryers which we have 
then pass this dry air through the heating S¢e?,2re oF the blow-in type, of which this is a 
Dithiedieciieae good example, and which has other most 


excellent advantages. 
Editor’s Note: It seems to us that th 


tion draft, as applied to film dryers, has D. R. B. 
x3 . It has been known for a long time that, while ee 
tissues and tumours grow with ease and without delay when placed in a 


suitable culture medium, adult tissues, even from young animals, only b prota 
to proliferate after a considerable lapse of time. With adult kidney or 
heart of the rat this delay may extend to 14 days. If, however, an extract 
of adult minced kidney, which has ree spe Be along with the fluid used 
for extraction for one or two hours, be added to the culture medium, growth 
commences at once In every case. If the extract of minced kidney be made 
with ice-cold saline without incubation, the initial delay in growth is as 
long as in the cultures made without it. When a similar ice-cold extract is 
made from a rapidly-growing transplantable tumour, growth of adult tissue 
is elicited as energetically and with as little delay as when the ers 
extract of minced kidney is used. At first sight this might be regarded : 
merely a consequence of the frequency of cell-death and wl in new 
growths, but there is another possibility which should be borne in mind. 
It is that malignant cells produce, automatically and continuously, growth- 
activating substances, which normal tissues only elaborate in response to 
injury. The strength of the extract is directly proportional to the rate of 
growth of the tumour in the strains which have been investigated and not to 
the degree of necrosis. I incline to the opinion that the mode of production of 
these activating substances is an essential part of the pS alba between 
norm: il and cancerous cells. 

‘This conception helps to rationalise the part played by chronic 
irritation in cancrogenesis. The specific irritants which are known to lead to 
the development of cancer are relatively mild, and do not cause rapid 
destruction. Rather, they may be imagined to set up a slight degree of 
protoplasmic disintegration still compatible with continued life of the cell. 
The curious sudden change after a long period of irritation, which marks 
the beginning of autonomous ui, would on this hypothesis correspond 
to a change in the protoplasm by which the production of activating sub- 
stance turns from its purely induced reactive character to a self-acting 
process, as the result of a sort ol education ot the cells. Deelman has show n 
that this preparatory stage can be shortened by combining trauma (by 
scarification) with the application of the much more slowly acting tar prod- 
ucts, and there can be little doubt in the light of Drew’s experiments that 
such scarification produces activating substances in the damaged epithe- 
lum.” From Report of Director, Imperial Cancer Research Fund, July, 1923. 
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A MANUAL oF Practica, X-Ray Work. By 


John Muir, B.sc., M.B., CH.B., B.sc. (Pub. 
Health); Secretary, British Institute of 
Radiology; Assistant Radiologist, Univer- 
sity College Hospital, London. In collabo- 
ration with Sir Archibald Reid and F. J. 
Harlow. Third edition of the Manual by 
Arthur and Muir. Cloth. Pp. 524, with 


456 illustrations. New York: Paul B. Hoeber, 

Inc., IQ24. 

This revised manual on the technical and 
diagnostic aspects of roentgenology will be 
found a useful text and reference book for all 
students of the subject. The section on tech- 
nique includes adequate description of appa- 
ratus and sufficient explanation of the physical 


laws and phenomena which are the basis of 


roentgenology. There are also chapters on dark 
room technique, roentgenography, and the 
localization of foreign bodies. The section on 
diagnosis is clear and concise and at the same 
time complete. The illustrations throughout 
are adequate, made from good roentgenograms, 
and are well reproduced. 

The book can be recommended without 
reservation an excellent textbook for 
students of roentgenology. 
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ATLAS VON KORPERDURCHSCHNITTEN FUR DIE 
ANWENDUNG IN DER RONTGENTIEFENTHER- 
,pIE. Von Dr. Hans Holfelder, Privatdozent 
fiir Chirurgie und Radiologie; Oberirzt an 
der chirurgischen Universitats-Klinik Frank- 
furt am Main, with a Recommendation by 
Dr. Viktor Schmieden, O. O. Professor fiir 
Chirurgie-Direktor der chirurgischen Uni- 
versitits-Klinik Frankfurt am Main. Price, 
$17.50. Berlin: Julius Springer, 1924. 

This atlas consists of thirty-eight life-sized 
celluloid films coated with water-proof gelatin, 
showing black line drawings of cross sections 
of the body at various levels, giving the posi- 
tion of the organs in each section. There are 
also oblique sections. These sections are based 
upon studies made in the Anatomical Institute 
of the University of Heidelberg under the 
direction of Professor Kallius and Dr. Hoepke. 
They have been prepared with special reference 
to the portions of the body most likely to be 
treated with deep roentgen therapy by cross- 
firing methods. They have been prepared 
especially to be used with Holfelder’s field 
selector, but they are useful without regard to 
the selector during the application of treatment 
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by showing the exact location of the organs of 
the body which must be protected, and 
enabling one to estimate the depth value of th 
radiation effect of cross-firing. 

One can make a tracing of the outline of the 
body in cross section at the location of the 
disease to be treated, and then place the sheet 
of paper upon which this diagram is made over 
the top of the celluloid diagram, indicating 
the outline of the position of the various 
organs involved, and in this way the roentgen 
therapist can best distribute the radiation into 
the tumor, and at the same time can protect 
the normal tissues. 

There are thirty-two diagrams of plans for 
cross-liring in different regions of the body; 
explanations of these diagrams and the dis- 
cussions of plans of treatment are given 
both German and English so that they are mor 
than ordinarily useful to the American roentge! 
therapist. 

The atlas represents a distinct advance 
the science and art of deep roentgen therapy 


and should be In every 


roentgen laboratory 


G. E. PFAHLer. 
ANATOMIC Cross SECTIONS OF THE HUMAN 
TRUNK (Lire Size). By A. U. Desjardins, 


M.D., Section of Radium and X-Ray Therapy, 
Mayo Clinic, Rochester, Muinn., Cany 
Portfolio (20!4 in. in.), Containing 18 
Charts, with Illustrated Booklet Giving Ke 
Plates, Price, $25.00. New York: Paul B. 
Hoeber, Inc., IQ24. 

The Foreword by Dr. Charles H. Mavo IS as 
follows: ““The most satisfactory stage in the 
development of new medical procedures | 
the period when cut-and-fit methods of early 
development are replaced by accuracy, whic! 
covers selection the case, 
treatment, measurement of the remedy and 
its accurate application. This period has now 
been reached in the treatment of disease by 
radiation. The necessity for accurate knowledg¢ 
of intervening tissue, of the depth of penetra- 
tion and of the strength of the radiations 
employed, is apparent to all. 

“In preparing these cross sections of the 
average male and female bodies at various 
levels, Dr. Desjardins has rendered a distinct 
service to the radiologist, who will now be able 
to study his penetration data and dosage with 
relation to definite standards. Such charts 
will be useful, not only to the therapeuti 
radiologist, but also to the roentgenologist in 


of conditions of 


the interpretation of roentgenograms, 


the surgeon, particularly in dealing wit! 


the 

localization and extraction of foreign bodies.” 
The reviewer heartily agrees with this esti- 
mate of the value of these life-size charts, ch 


have been prepared with the greatest care by 
Dr. Desjardins and reproduced in conve! 
durable and attractive form by the publishe 
The work of the 
| 


therapist will be ren 


and I 


lered less difficult an ore 


roentgen 


1 
accurate when he uses these charts as his 


{ ic 
They will also undoubtedly be found of ue 
in the field of roentgen diagnosis for the ore 
accurate localization of roentgen shad in 


relation to surrounding anatomic structures 


A BC or Aroms. By 
F.R.S. Pp. 162. New York: E. P. Dutt ra 


23. 

This book, whi eals t| ect 
Interesting to roentgenologists, Is ( n 
that although it discusses the il 
theories which have arisen in regard t 
tricity In its relation to the structure of 1 tte! 
it still contains practically no equations 
within its pages. It has been said that equ tions 
are the shorthand of physics and che 
unfortunately the mayority of the re o 
public has not learned this shortnat | S 
therefore refreshing to find an autl O 
writes at ength upo! the structure of eC! 
without having recourse t equations 

While ill the chapters are interesting, ( 
would « special attention to the <¢ 
on the Periodic Law and the Hydroge opec- 
trum. Although from a scientific standpoint 
this book Is not to be con pared with the recent 
pu lication of Sommerteld, still the ( 
reader will get more out of it on account ( 
simple, untechnical stvle in whic! it IS Writtel 
The author s¢ lected several hard problen S; [Ol 
example, the attempt to explain In simple 


language the Theory of Quanta, and the rela- 


tion ol the new tacts In physics and the Doc- 
trine of Relativity. Even here he has Ssucceedec 
remarkably well. It first reading doc t 


Reviews 


5 
make the reader familiar with the subject 
matter we feel that the interesting presentation 
will not make a second reading a hard task. 
Che book can be recommended without reser- 
vation to those who wish i lucid presentation 


of the recent advances in physics 


P. M. Hickey. 
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INTERNATIONAL ABSTRACTS OF ROENTGEN 
AND RADIUM LITERATURE 


Beck, K. The roentgen treatment of laryngeal 
tuberculosis. .liinchen. med. Webnschr., Dec. 
7, 1923, Ixx, 1454-1455. 

This condition should not be attacked with 
destructive but rather with biological 
doses that inhibit the development of the tuber- 
culous tissue and stimulate that of the 
mobilized connective tissue. Consequently 
the irradiation should be with small, so-called 
stimulative doses which are carefully deter- 
mined empirically in each case. Customary 
local therapy should, of course, never be 
omitted. The sensitiveness of the foci is 
increased by injections of krysolgan; and 
irradiation 3 to 4 days later is quite effective, 
Two fields were irradiated through 3 mm. Al 
each with !3 of the skin unit dose. The epi- 
glottis and anterior commissure received 60 per 
cent of the skin unit dose, and the posterior 
wall (to a depth of 3 cm.) 40 per cent of the 


de Ses, 


skin unit dose. Five to 6 radiations were 
administered at intervals of 4 to 6 weeks. 
In a review of 200 such cases treated 


roentgenologically the following observations 
are made: In penetrating and perichondritic 
processes there was not always an improvement 
in difficulties of deglutition, but often the 
improvement quite striking. Thirteen 
treated by irradiation only. In 7 
temporary recovery. All suffered 
mostly bilateral pulmonary tuber- 
The lung condition therefore plays no 
decisive rdle in the possibility of recovery from 
laryngeal tuberculosis. Roentgen therapy is a 
valuable aid in combatting this 
tuberculosis. 


was 
cases were 
there 
from acute, 
cule SIS. 


was 


form of 


BerTHoLp, R., and Giocker, R. The protec- 
tive action of building materials against 


roentgen rays. 


Strablentherapie, 
XVI, 507-5I I. 


Berl., 1924, 

In conjunction with earlier measurements 
the roentgen-ray absorption of certain 
materials is given in terms of “‘equivalent lead 
thickness.”’ The measurements were made on a 
symmetry apparatus at 3.45 ma., and 220 kyv., 
focal plate distance 1 meter. The equivalent 
lead thickness of a cement block (cement- 
sand = 1:10) 25 cm. thick is 5.3 mm. lead, for 
a radiated field of 5 square centimeters. For a 
surface of 1000 square centimeters, other condi- 
tions remaining constant, the equivalence is 
4.2 mm. of lead. For practical purposes, 
therefore, it may 
cement are equivalent to 4.2 mm. lead in pro- 
tective power. 


be stated that 25 cm. of 


The protection offered by brick is less than 
that by cement because brick is porous and 
contains little of the strongly absorbing lime. 
For the large radiation field, 50 cm. of brick are 
equivalent to 4.5 mm. of lead In protection. 

The most important area of the protective 
shield, namely the observation window pro- 
tected by lead glass, is often the point of mini- 
mum protection from the rays. 
lead panes, each 18 
absolutely 


The use of 2 
mm. thick Is 
essential modern 


glass 
considered 
technique. 


ABE, Kicuiro. Animal experiments to deter- 
mine the radium castration dose. Strahblen- 
therapie, Berl., 1924, xvi, 554-550. 
Experiments with rabbits using radium 

radiation of 1000 to 5000 mg-hr. showed that 

doses up to 1200 mg- hr. Cc aused no disturbance 
in sexual activity or in fertility. Practically 
unaltered primary follicles could be demon- 
strated histologically in each ovary after doses 
up to 1500 mg-hr. If the dose exceeds 
mg-hr., no more intact primary follicles are 
to be seen in the ovaries. To produce temporary 

castration in the rabbit requires 1000 to 1200 

mg-hr.; and 1500 mg- hr. is 

manent castration. 


2000 


necessary lor per- 


Dunner, L., and A. The roentgenolog, 
of the blood vessels, especially those of the 
human lungs in vivo. Fortschr. a. d. Geb. d. 
Roéntgenstrablen, Hamb., March, 1924, 
635-0306. 


XXNI, 
By means of a 200 ¢.c. syringe, a 10 to 15 per 
cent sodium iodide solution is injected fairly 
quickly into a cubital vein, and the roentgeno- 
gram is taken during the injection. To demon- 
strate a vein up to the heart, 20 c.c. of solution 
are sufficient, and 100 to 150 c.c. are required 
to show up the lung vessels. Headache, feve 
and malaise occur in certain but they 
disappear shortly. Knotty thickenings in the 
vicinity of a vein are apparently not valves but 
openings of lateral branches. The lung outline 
is intensified after the injection. All normal 
lung outlining might therefore preferably be 
accomplished through the blood vessels. Also, 
the accompanying shadows of bronchi viewed 
cross-sectionally showed up more 
after injection. 


Cases, 


intensely 


FRAENKEL, E. 


Geb. d. 


Spina ventosa. Fortschr. a. d. 
Réntgenstrablen, Hamb., March, 


1924, XXXI, 579-583. 
Subsequent examinations of cases formerly 
ventosa are reported. 


suffering from spina 


86 
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Outspoken bone atrophy may remain; 
disappearance of 
sclerosis could be 


a local 
osseous tissue as well as 
» observed roentgenologically 

Luxations and ankylosis occur 
the joints. The roentgen 
especially in the early stages of the disease. 
Multiple tuberculosis of the bone presents 


certain characteristics different from the 


as sequelae In 


{ ] 
nethod ts of value 


usual 


form; but the differentiation in practice of 
both diseases is impossible from either the 
anatomic or etiologic standpoint. The designa- 


tion “ostitis multiplex cystica” is misleading. 
The prognosis in both conditions is general! 
favorable but should be 
The writer observed advanced 
symptoms in one case of 
tuberculosis. 


carefully weighed. 
pulmonary 


multiple one 


FRITZ roentgenologic demonstration of 
ascarides in the gastrointesintal tract. 
Fortschr. a. d. Geb. d. Réentgenstrablen 
Hamb., March, 1924, xxxi, 638-639 
Ascarides may be demonstrated as ty] 

shaped rarefactions in the shadow of the con- 

trasted intestine of the host. A direct picture of 
the worms appears they take up the 
contrast material. They are then best visible in 
the middle jejunum after the small intes 
has freed of the contrast material. 

Roe ntgenoscopic view shows the 

ments of the 

observed iS 


| 
when 


become 
active move- 
shadows. \ case 
Santonin treatme 


worm-shaped 
reported, 
prompt results. 

FRAENKEL, M. The significance of the cell- 
stimulating action of radiation with respect 
to temporary sterilization and the problem 
of injury of the offspring by roentgen 1 
Strablentherapie, Berl., 


avs. 
1924, X\ 1, 690-711. 
and extensive breakdown of 
tissue are considered eCrro;rs ot 
intensive roentgen therapy. In 
myomas, etc., Intensive 
a chronic irritated condition of the 
mucosa with tendency toward carcinoma. 
Milder doses of medium hardness are therefore 
indicated, and maximum should be 
avoided. The aim of roentgen ther: apy is the 
stimulation of the cell function of important 
tissues. As to injury of the normal functions 
after roentgen therapy, the present known facts 
offer no contraindication to roentgen therapy; 
if the strongest radiation is avoided, 


General injury 
carcinomatous 
benign cases 
radiation may lead to 


uterine 


dose S 


even the 


fetus In utero presents no contraindication. 
Most alleged cases of injury lack direct evi- 
dence as to the cause. Large doses early in 
pregnancy may well be expected to cause 


disturbances and injury, especially of the very 
voung fetus; but the 3 to 4 months old embryo 
is already protected by an abundant amniotic 


and organs by means of w 
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fluid. There is no clinical observation on the 
birth of a subnormal individual following 
irradiation administered some time before 
term; and numerous cases, including personal 
observations, are cited on — point. The 
developmental ability of the human ovum is 
said to be stopped when ee onto to definite 
irreparable injury. Temporary 


sterilization 
should be performed in lung, kidne 


and heart 


diseases; and to satisfy any fears, unilateral 
roentgen castration may be performed. The 
stimulation of the quiescent function of { cells 


eak roentgen rays Is 
<a ovarial function 
a similar manner. 


readily accomplished; 


may be reestablished in 


GoLpsTEIN, W. The 
lung tumors 
destructive 


diagnosis of malignant 


complicated by extensive 


processes. Fortschr. a. d. Geb. d. 


Réntgenstrablen, Hamb., March, 1924, xxxi, 

623-035 

Primary carcinoma of the lung is not 
exactly a rarity. Inaccurate diagnoses are 


especially frequent when secondary intratho- 


racic disease Is present and dominates the 
— picture. Under such conditions the 
alignant tumor may resemble 


an empyema, 
gangrene, abscess, etc. Two 
cases are icomiad which clinically and roent- 
genologically showed hardly any of the appear- 
ances of neoplastic growth. One case behaved 
clinically and roentgenologically like a typical 
pulmonary gangrene; the other case behaved 
clinically somewhat like chronic lung abscess, 
and roentgenologically suggested tumor with 
abscess formation, after the experience with the 
first case. Bronchial carcinoma with softening 
was present in both cases. In older people with 
symptoms of lung gangrene or lung abscess, 
especially careful examination and history is 
necessary. 


bronchiect: LSIS, 


A lingering non-febrile, progressive 
even though direct symptoms of 
absent should be suspected as a 
growth. 


illness, 
tumor be 
malignant 


Jacosy. Experimental studies on roentgen-ray 
injury to the eyes. Strablentberapie, Berl., 
1924, XVI, 492-506. 

Experiments on rabbits with unfiltered, with 

4 mm. Al and with 0.5 mm. zinc filtered 

roentgen rays showed that the epilation dose 

for an eyelid was 200 per cent, and the injury 
dose for the cornea 250 per cent of the human 
skin unit dose. The eye of a rabbit was irradi- 
ated with heavy filter and 250 per cent skin 
unit dose, and enucleation occurred 9 months 
later. A microscopic examination of the retina 
showed in part extensive differentiation of the 


ganglion cells and early degeneration of the 
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internal granular-cell layer. Biological differ- 
ences in action of unfiltered and hard-filtered 
rays could not be demonstrated. These results 
are of course not transferable to therapeutic 
practice in man. It is known that the tolerance 
dose of the human cornea for a single trradi- 
ation lies between 120 and 130 per cent skin 
unit dose. Repeated radiations at intervals of 
5 to 6 weeks with 100 per cent skin unit dose are 
also tolerated by the human cornea without 
visible injury. Roentgen keratitis once produced 
requires at least 6 weeks for healing but recurs 
very readily. These observations do not agree 
with those of Rados and Schinz, who consider 
much higher doses harmless for rabbits as well 
as for man. ; 


Meyer, ALBRECHT. The roentgen examination 
of luxations of the neck of the femur. Arch. 
f. Orthop. (etc.), Wiesb., 1923, xxii, 240-260. 
The contours of roentgen pictures of the hip 

joints in the Lorenz primary position permit 

an exact determination of the angle of torsion 
in all reduced luxations. In this position the 
femur lies at go° abduction and go° outward 
rotation with respect to the pelvis. A reference 
scale is given which shows the pictures of hip 
joints from the second to the fifth vears and 

from o° to go° torsion by stages of 15°. A 

uniform scale for femoral luxations is useless 

because of numerous variations from the nor- 

mal. A review of the roentgenograms in 108 

cases with single or bilateral femoral luxations 

showed average torsion of 25° to 30°. High 
degrees of torsion did not prevent either 
reposition or tendency to heal. 


Rorky, H., and HERRNHEISER, G. Studies on 
the physiological position of the large 
intestine and on the problem of coloptosis. 
Fortschr. a. d. Geb. d. Réntgenstrablen, Hamb., 
March 1924, 702-711. 

Consideration is given to precise definition 
of what should be considered the physiological 
or pathological position of the large intestine. 
The ranges of variation in position of the hepatic 
flexure and of the deepest point of the transverse 
colon in normal individuals are considered, as 
well as the determination of the influence of 
various factors such as sex, constitution, degree 
and quality of fullness. The measurements were 
made orthodiagraphically in standing 
position. The distances are given from the 
crista iliaca, the symphysis and xiphoid process 
and the magnitude of displacement with vary- 
ing abdominal pressure. Thirty to 50 cases were 
taken for each study. It was determined that 
the transverse colon and both flexures vary 
greatly in positions. For instance, the hepatic 
flexure may lie 1 to 3 cm. higher than the 


spleen. Differences in sex and constitution play 
minor roles as causes of variation in position. 
Degree and mode of filling and abdominal 
pressure exert a great influence. Positions have 
been found in apparently normal individuals 
that could easily be designated as ptosis; the 
boundary line separating the physiological 
from the pathological is entirely an arbitrary 
one. The reserve of the roentgenologist is 
important in such cases so long as he finds no 
unquestionably abnormal conditions. 


Lenk, R. The roentgenologic demonstration of 
shadowless foreign bodies in the esophagus. 
Fortschr. a. d. Geb. d. Rintgenstrablen, Hamb 
March, 1924, xxxi, 613-615. 

Two cases are described. Medium amounts of 
barium were swallowed until there was a coat- 
ing on and a partial absorption by the soft 
roentgen-transparent foreign body. First a 
barium suspension was given and then a barium 
paste followed by a_ barium-filled  gelotine 
capsule which comes to rest on top of the 
foreign body. In one case, the foreign body was 
a piece of cartilage, and in the other, a piece of 
meat. These are differentiated from broken 
down neoplasm by the fact that their contour is 
clear and the esophagus appears intact. The 
typical site is the entrance to the esophagus. 


Scuinz, H. R. Variations of the cervical spine 
and adjacent areas. Fortschr. a. d. Geb. d. 
Réntgenstrablen, Hamb., March, 1924, xxx1, 
553-504. 

Assimilation of the atlas (atlanto-occipital 
synostosis) occurs as a progressive variation. 
Most of the cases described under this name 
are, however, not examples but congenital 
malformations or acquired ankyloses of the 
atlas, such as tuberculosis, syphilis, arthritis, 
luxations and fractures. The opposite of assimi- 
lation of the atlas and not easily distinguishable 
from it is the so-called “manifestation of an 
occipital vertebra,” a regressive variant. The 
patency of the posterior section of the atlas is a 
retarded development which is demonstrable 
in vivo. Os odontoideum is also due to retarded 
development but is difficult to recognize roent- 
ger nologic: ally because diffraction of the rays 
(by air in the gums) produces a resemblance to 
separate, epistrophic teeth. The early stage of 
the most frequent regressive variation, cervical 
rib, is the enlarged, eagle beak-shaped trans- 
verse process of the seventh cervical vertebra. 
The rudimentary thoracic ribs of the first 
thoracic —— have no clinical significance. 
Persistence of bone absence in one or more 
vertebral Passes of the cervical spine, 
(hiatus cervicalis persistens), is simply retarded 
development. Genuine spina bifida ts an accom- 
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panying symptom of severe breaks of the brain 
and cord. The situation ts analogous to similar 
formations of the lumbosacral region, insofar as 
it embraces the persistence of an infantile 
condition. The latter, according to Hintze 
should be termed hiatus sacralis intermedius 


whereas the name spina bifida occulta should 
be reserved for genuine myelodysphasia. 


ScHWARzZ, G., Czepa, and SCHINDLER. Regard- 
ing the ee effect of roentgen 
rays on higher plants. Fortschr. a. d. Geb. d. 
Réntgenstrablen, Hamb., March, 1924, xxxi, 
665-050. 

Earlier experiments showing a 
promoting effect were in error because 


growth- 
too lew 
samples were used and no consideration was 
given to the great individual variations of the 
plants. Moreover, the concept of growth pro- 
motion in plants (bacteria excepted) Is not 
entirely equivalent to that obtaining u the 
animal organism. The fluctuating or individual 
small variability of the experimental plants 
must be taken into account because the ri- 
ations of similar seeds or seedlings under 
identical conditions are inconsiderable. 
Soil cannot pe used as a culture meaium. 
White filter paper without nutrient solution 
was used instead. The experiments included 
many thousand samples and tens of thousands 


of caretul measurements. As a rule, irradiation 


was begun on the third day alter planting of 
the seed. A great variety of plants was used. 
Flaxseed was especially useful material. The 
results as whole Oppose the notion that slight 
roentgen-ray doses stimulate growth. Beyond 
a certain intensity of radiation, inhibition of 
growth appeared uniformly. From the first 
outwardly noticeable effect roentgen rays act 


inhibitively on plant growth. 


Weser, E., and Precincer, H. Questions and 
answers on roentgen ray practice. Forts 

a. d. Geb. d. Rintgenstrablen, Hamb., Mai 

1924, XXXI, 712-716. 

The causes of occasional roentgen ervthema 
occurring in body folds. Experiments were made 
with a paraflin phantom shaped to resemble 
body fold. Radiated film strips were measured 
photometrically; and the radiation was also 
measured jiontometrically. There is actual 
present in the fold an appreciable Scattered 
radiation; but there is no such thing as an 
increase of the dose in the depth of the fold 
compared with the skin surface. The cause of 
the ervthema in the folds ts largely a biological 
one due to greater sensitiveness of the skin. 

Is the radiation field of the Coolidge therapr 
tube svmmetrical with respect to distribution 
intensity? Studies on the energy distribution 
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in the sphere of radiation have demonstrated 
the necessity for the exact determination of 
the central ray, for taking asymmetry into 
consideration and for the control of tube shields 
with respect to their opacity to radiation. The 
lateral drop in intensity on the anodal side is 
greater than at the cathodal. ™ a field 8 & 12 


~ 


cm., the anodal side was 86 per cent and the 
cathodal side was 95 per cent of the intensity 
of the central ray. 

The importance of the pelvic bones as filter and 
diffractor therapy radiation. Studies on 
the phantom (pelvic skeleton in water) showed 
no Increase in scattering due to the bones. The 
only influence of the pelvic bones would be 
specific absorption of the 
radiation. 


administered 


Weiss, K. Unilateral type of multiple chon- 
droma. Fortschr. a. d. Geb. d. Réntgenstrablen, 
Hamb., March, 1924, xxxi, 615-610. 

In the case reported, a woman 38 years old, 
multiple tumors originating in the bones had 
been developing since her third year. These 
tumors were diagnosed clinically, roentgeno- 
logically and as chon dromas. 
Head, spinal column and the rig rht side of the 
body were tumor-free, while all the bones on 
the left side were covered with the tumors. 
(he cause of this sharply unilateral condition 
may be in neurotrophic disturbances, or, as is 
assumed for the present case, due to a very 
early mesodermal disturbance. 


ZACHERL, H. The roentgen treatment of 
myomas and metropathies. Strablenthe rapie, 
Berl., 1924, xvi, 809-816. 

The roentgen treatment of 266 myomas and 
109 metropathies IS reported. Exceptionally 
large myomas (with compression symptoms) 
were successfully irradiated. Intrauterine appli- 
cation of radium in 2 cases of submucous 
myoma resulted In stoppage of hemorrhage. 
Roentgen radiation was administered through 
3 mm. Al in 4 series, 150 treatments per series, 
each treatment consisting of a small dose. 
Diminution in size of the tumors was often 
observed before complete amenorrhea was 
established. In 6 cases hemorrhage recurred 
after initial amenorrhea, and operation dis- 
closed submucous partly pedunculated myoma- 
tous foci. In 2 cases the tumor continued to 
grow because sarcoma was present. Amenor- 
rhea was permanently established in 172 out 
of 178 women, the others again menstruated 
in I case 5 vears later). The result is so excel- 
lent that temporary roentgen sterilization of 
vounger women with myomas should be prac- 
ticed. Frequent irradiation with small doses, of 
myomas and metropathies, has demonstrated 
its usefulness. 
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W. R., and Lows ey, O. S. Diagno- 
sis and treatment of diseases of the seminal 
vesicles. J. Am. M. Ass., Chicago, Jan. 26, 
1924, IXxxil, 270-274. 

The histology of the seminal vesicles is 
similar to that of other structures having a 
cavity lined with mucous membrane. Because 
of the intimate association of the prostate and 
the seminal vesicles they must be considered 
together. 

The most common symptoms were watery 
urethral discharge, recurrent epididymitis, and 
pain about rectum and perineum. A majority 
of the cases had had gonorrhea. Foci of infec- 
tion about the teeth, tonsils and sinuses should 


be looked for and eradicated. The condition of 
the external genitalia, of the epididymis and of 


the vas deferens should be noted. The vesicles 

should be palpated with care to determine the 

condition. 

Roentgen-ray studies often give helpful 
information. Seminal vesiculography is useful 
in diagnosing chronic abscess formation of the 
seminal vesicles, stricture of the vas deferens or 
ejaculatory ducts and other pathological con- 
ditions of these organs. 

There is a bibliography of 30 references. 
IRONSIDE, R. N., and SHAPLAND, C. D. A case 

of spinal compression localized radiograph- 

ically by Sicard’s method. Brit. M. J., Lond., 

Jan. 26, 1924, 1, 149. 

Lipiodol (a 40 per cent iodine solution in 
poppy oil) was injected into the spinal theca. 
Within the subarachnoid space, the heavy 
oily drops fall slowly to the bottom of the thecal 
tube where they collect. The best pictures are 
obtained at least 24 hours after the injection. 
The oil is held up at the obstruction in the 
spinal theca. Operation confirmed the roent- 
genographic localization. 

Goopwin, G. M., and Lone, W. B. Roentgen- 
ray therapy in the treatment of exophthal- 
mic goiter. Am. J. M. Sc., Phila., Jan., 1924, 
clxvul, 38-53. 

This is a récord of 9 cases of exophthalmic 
goiter treated by the roentgen ray. They pre- 
sented general enlargement of both thyroid 
lobes and isthmus, the swelling being diffuse 
and smooth, not nodular. No cases of toxic 
adenoma were included. The roentgen-ray dose 
was approximately 75 of an erythema dose, on 
alternate sides of the neck each week, from the 
upper level of the thyroid to the upper level 
of the third rib. The target skin distance was 
35 cm., through 3 mm. Al, 1o-in. gap, 5 ma., 
time, 5 min. In highly toxic cases this dose was 
reduced. 

The patients all gained weight, showed a 
declining metabolism curve and great change in 


appearance in about 5 months. Graves’ disease 

tends to run its course in c\ cles. 

There has not been time enough to judge the 
permanency of the results. The disadvantage 
of this treatment is the time required. The 
advantage as compared with surgery is the 
avoidance of risk. 

Lukin, N. A fluoroscopic sign of a partially 
adherent pericardium. J. Am. M. Ass., 
Chicago, 1923, Ixxxi, 1952-1953. 

A rhythmic tug of a part of the left dome of 
the diaphragm was noticed with each systole 
of the heart when the diaphragm was fixed in an 
inspiratory pause. This tug was interpreted as a 
sign of a pericardial symphysis. The sign is 
elicited during the inspiratory pause because 
the fibrous pericardial sac is inserted over the 
dome of the diaphragm, and adheres closely to 
the phrenal center. It gives only an inappre- 
ciable fluoroscopic shadow above the left por- 
tion of the diaphragm. This shadow disappears 
entirely in forced inspiration. The heart is then 
separated from the diaphragm by a clear space, 
which corresponds to the base of the left lung 
for the greater part of its length. The rhythmic 
tug on a part of the diaphragm with each 
systole of the heart is distinctly visible in that 
clear space when the diaphragm is fixed in 
inspiration because adhesions of the viscera! 
and parietal pericardium transmit the pull of 
the systolic beat to the diaphragm. This case 
had had previously a serofibrinous pericarditis. 
One other case is also referred to. 

Macteop, J. M. H. Light—Its action on the 
skin and therapeutic value. Practitioner, 
Lond., Jan., 1924, cxli, 24-33. 

The ultra-violet is potent in chemical and 
biologic effects; these are the invisible actinic 
rays of short wave-length, from 300 to 400ux. 
The visible rays of longer wave-length have 
no curative effect on the skin, while those 
beyond the ultra violet end may be harmful. 
For curative purposes, ultra-violet light is 
employed either diffusely as light baths or in 
concentrated form for treatment 
granulomatous conditions 
surface ulcerations. 

When using sunlight ultra-violet rays, an 
ammoniacal copper sulphate solution is used 
and the rays concentrated through a cooled 
quartz condenser. The blood being opaque to 
these rays the tissues are blanched by compres- 
sion. A carbon arc lamp, mercury vapor lamps, 
tungsten electrode lamps, etc., from which 
more intense ultra-violet radiation can be had, 
are preferred. 

Pigmentation is a familiar effect of the 
actinic rays, and is due to increased formation 
of melanin by the cells of the basal layer of the 


of certain 
and chronic 


International Abstracts of Roentgen and Radium Literature gI 


epidermis and the deeper prickle cells. These 
rays also have a stimulating and bactericidal 
effect. The general effect of sunlight is to 
stimulate metabolism and act as a general 
tonic. Concentration of actinic rays on the 
skin results in redness, heat, pain and edema 
going on to formation of bullae following a 


latent period from 4 to 8 hours. Dilatation of 


the blood vessels and extravasations of lympho- 
cytes and serum associated with edematous 
degeneration of any pathological cells that may 
*y present, such as plasma cells and the giant 
cells of tuberculosis. Actinic rays are responsi- 
ble for acute solar dermatitis and for the 
chronic solar dermatitis from prolonged over- 
exposure. They are capable of creating in 
sensitized persons various cutaneous reactions. 

Acute solar dermatitis follows a latent period 
of 6 to 8 hours after exposure and is associated 
with pain and smarting, and may go on to 
vesication of bullous formations. It is in 
no way associated with the heat waves and Is 
caused as readily by the cold reflected light 
from snow fields. In some, the skin is rendered 
hypersensitive thereafter, and they are com- 
pelled to wear protectors. Chronic solar 
dermatitis, in type, resembles chronic roentgen- 
ray dermatitis. The existence of certain toxic 
substances 
creating a hypersensitiveness to light. These 
are known as “photodynamic substances,” 
of which erythrosine, fluorescein and hemato- 
porphyrin are examples. When a solution of 
erythrosine is injected into or painted on the 
skin, it renders the one so treated hypersensi- 
tive to light. Cure with concentrated actinic 
rays is effected by destruction of the pathologic 
cell and replacement by new fibrous tissue. 

In tuberculosis of the skin there is no more 


satisfactory treatment and it has been found of 


benefit in ulcerative and granulomatous con- 
ditions of the skin, boils, carbuncles, etc. 


Russ, S. Animal tumor cells made resistant to 
x-rays by x-rays. Lancet, Lond., March 22, 
1924, 1, 392-393. 

When animal tumor cells are given radium 
radiation in a dose just less than lethal, their 
descendants will not be so sensitive to the same 
dose, and eventually the tumor cells may be- 
come extraordinarily resistant to the rays. In 
one experiment the resistance of the cells to the 
lethal dose had grown from 56 minutes to the 
point in which 90 minutes of exposure was not 
enough to stop the tumor from growing. In 
another experiment the growth continued after 
an exposure of 135 minutes. Ten years ago, 
Nogier and Regaud drew attention to the 
clinical fact that malignant growths exposed to 
roentgen rays suffer a gradual diminution of 


in blood or tissue are capable of 


their sensitiveness to the rays. It appears, 
therefore, that we can recognize a number of 
steps in the action of the roentgen ray upon 
tumor cells. Moderate doses retard its normal 
rate of growth and greater doses increase the 
resistance of the tumor to the roentgen ray. 


Russ, S. On the effects of x-rays of different 
wave lengths upon some animal tissue. Proof 
of differential action. Brit. J. Radiol. (J. 
Roentgen Soc.), Jan., 1924, xx, 20-26. 
The object of the study was to find whether 

animal tissues exhibited similar or different 

reactions to equal doses of roentgen rays 
of various wave lengths. The soft rays were 
emitted by a roentgen tube running at an 
alternating spark gap of 4 cm. between spheres 

5 cm. in diameter, the wave-length averaging, 

for the most part, from 0.45 to 0.30 A. The 

hard rays were obtained by running the tube at 

a spark-gap of 10 cm. and filtering through 

1 cm. Al. The transmitted radiation was fairly 

homogeneous, with wave length of 0.168 A. 

The dosage was measured by an electroscope. 

short air path is used in the ionization 
chamber, which is so arranged that the ray 
passing through this air path strikes no solid 
surfaces. It is then assumed that with equal 
ionization produced by two beams of different 
wave length there is an equal expenditure 
of energy in ionization in each case. 

The experiment included about 300 rats. 
The rats were exposed in pairs; and in order 
to exclude local variations, the upper area in 
one rat and the lower area in the other were 
exposed to the same wave length. The exposure 
times for the soft rays were from 21 to 50 
minutes, and for the hard rays from 30 to 150 
minutes. The amount of energy required to 
produce the same degree of action upon the 
tumor (prevention of growth) was about 
2-6 times more with the hard rays than with 
the soft. Lead screens were used to localize the 
exposures. 

The dose of radiation is regarded as including 
the total amount absorbed and this is termed 
the “absorption dose.’’ The experiments indi- 
cate that the therapeutic factor is quite 
different for skin and for tumor. 

Weiss, J. The diagnosis of lymphogranuloma- 
tosis. Ztscbr. f. klin. Med., 1923, xcvii, 
444-467. 

The author proposes the following classifica- 


tion: (1) Intrathoracic lymph gland swelling 
with typical blood and roentgen findings, 
and typical temperature curve; (2a) abdominal 


type of lymphogranulomatosis ac gastro- 
intestinal manifestations and typhoid course. 
Multiple infiltration of the intestines, tumors 
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and granulomatous changes of the mesenteric 
glands are found; (2b) colici form; (3) cases of 
isolated Hodgkin’s disease. 

Roentgen examination is a valuable aid since 
it shows the swelling of the internal lymph 
glands. Separate roentgenograms of the pos- 
terior mediastinum are sometimes necessary 
for the localization of radiation. Typical tem- 
perature curves and the blood findings may 
fix the diagnosis. More than 20,000 leucocytes 
are against a diagnosis of lymphogranuloma- 
tosis. 

Roentgen examination is a_ valuable 
since it shows the swelling of the 
lvmph glands. Separate roentgenograms of 
the posterior mediastinum are sometimes 
necessary for the localization of radiation. 
Typical temperature curves and the blood 
findings may fix the diagnosis. More than 
20,000 leucocytes are against a diagnosis 
of lymphogranulomatosis. 


aid 
internal 


Vinson, Porter P., and SUTHERLAND, 
Cuartes C. Foreign body removed from 
bronchus under fluoroscopic guidance. Radi- 
~ Feb., 1924, ll, 99. 

A shingle nail in the lung 14 years was 
buried in a dense structure within a bronchus. 
The forceps were forced into this under 
roentgen-ray guidance, and the nail extracted. 


CoLeBROooK, L., 


Eipinow, A., and Hitt, 


LeonarD. The effect of radiation on the 
bactericidal power of the blood. Brit. J. 
Exper. Path., Lond., April, 1924, v, 54-64. 


Any insult to the skin, whether produced by 
ultraviolet, visible or infra-red radiation, or by 
blistering agents, appears to provoke or 
increase the defensive power of the body. The 
absorption into the blood of the products of 
tissue damage, or the enhanced absorption of 
normal tissue products caused by such injury 
and the consequent erythema and edema, 
appears to be the natur: al excitant of immuniz- 
ing mechanisms. 

The experiments were made with a mercury 
vapor lamp and a carbon arc. In irradiated 
rabbits, both the blood serum and the leuco- 
cytes have an increased bactericidal effect on 
staphylococci. This increased hemobactericidal 
power is found also in pigs and to a lesser degree 
In man. 


Farr, RopertT Emmett. Pneumoperitoneum as 
an aid in diagnosis of hernia. J. Am. M. Ass., 
Chicago, May 31, 1924, [xxxil, 1774- 
Pneumoperitoneum aids in visualizing the 

contents of the hernia sac, showing the reduci- 

bility, presence of adhesions, position of the 
ring, etc.; and in demonstrating the patency 
of the processus vaginalis peritonaei in persons 


in whom a hernia cannot be diagnosed clinic- 
ally although a so-called “potential” hernia 
exists. Two cases are described together with 
an illustrative roentgenogram. 


GRAHAM, Evarts A.., 
CopueER, 


WARREN H., and 
Visualization of th 
sodium 


CoLe, 
GLover H. 
gall-bladder by the 


salt of tetra- 
bromphenolphthalein. J. Am. M. Ass., Chi- 
cago, May 31, 1924, Ixxxil, 1777-1778. 


The solution of the calcium salt originally, 
proposed produced undesirable reactions. The 
sodium salt (5 to 5.5 gm. in 40 cc. distilled 
water and sterilized) is given intravenously in 
divided doses. Extravasation of the solution 
must be avoided because of resulting necrosis. 
Roentgenograms are taken at 4, 8, 24 and 32 
hours while the patient follows a special routine. 

The normal gall-bladder will begin to cast a 
shadow from 3 to 5 hours after injection, will 
show a tendency to change in size, and will cast 
its heaviest shadow between 16 and 24 hours. 
Pathologic gall-bladders do not cast so heavy 
shadow, and fail to show the 
distensibility of the normal. 


HarkKeE, WILHELM. The value of 
serological diagnosis of carcinoma. Miinchen. 
med. Webnscbr., Jan. 25, 1924, Ixxi, 102-103. 
At the suggestion of Abderhalden, the Baver- 

Fabrik has prepared sera which are supposed to 

support the body in its defense against cancer 

by supplying protective ferments obtained from 
animals. Boyksen has utilized these sera by 
intracutaneous injections for the early diagnosis 
of cancer. The author made similar tests on 

107 cases - and according to his findings the 

reaction is unreliable as a rule. 


elasticity and 


Boy ksen’s 


HoLmMBLAD, Epwarp C. Treatment of injuries 
during the acute stage by diathermy. J. Am. 
M. Ass., Chicago, May 7, 1924, Ixxxii, 
1856-1858. 

Results are reported on 186 cases including 
fracture, extravasation, laceration, discolora- 
tion or muscle fixation first treated on the 2d 
or 3d day after injury. Diathermy was applied 
by the 2 cuff, cuff and electrolyte or by the 2 
plate method. The period of treatment was 
from 15 to 20 minutes. The average milli- 
amperage tolerance was: 150 to 300 for fingers 
and toes, 500 to 750 for ankles and wrists, 
800 to 1200 for knees and elbows, 1200 to 1500 
for shoulders and thighs and 1800 to 2400 for 
the back. 

Diathermy is a valuable analgesic. Only 12 
cases were not noticeably affected. Restoration 
of atrophied muscles and stiffened joints was 
hastened. Reduction and accepted methods of 
treating fractures must be used In conjunction 
with diathermy. 
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Morson, C. Treatment of carcinoma of the 


prostate. Brit. M. Lond., April 5, 1924, 
620. 
The anatomical pt sition of the lesion adds to 


the difficulties of radium treatment. 
of treatment were 
radium 
tissue 


lhe results 
not satisfactory because the 
found to stimulate 
growth to form dense fibrous tissue, 
although the malignant mass was destroved. 


was connective 


Prof. Sidney Russ commenting on the above 
observed that where excessive a Is to be 
avoided, radium treatment should be planned 


on different lines. Radium exposures sho ild be 


tried using a very much reduced intensity with 
appropriate increase in the time of exposure. 
Nato, I., and SCHULLER, A. Hyperost of 
the skull. Wien. klin. Webnschr., 1923, 
XXXVI, 792-794. 
Several sketches show various types of 


cranial hyperostosis. The different symptoms 


of ostitis deformans Paget ostitis fibrosa 
(Recklinghausen), osteosarcoma, endothelioma 
of the dura, leontiasis ossea and “partial 
hyperostosis”’ of the skull are discussed. The 
bony changes occurring In various systemic 
diseases, such as rickets, syphilis, and acromeg- 


aly are 
seen as 


described. Hyperostoses are likewise 
residues of hematoma. A tu 
etiologic factor is atrophy of the intracranial 
soft parts (compensating hyperostosis, infantile 


cerebral paralysis, unhealed hydrocephalus, 
epilepsy and psychosis, senile atrophy of the 
frontal cerebral lobes). The latter condition is 


discussed in 3 cases. Che site of predilection IO! 


exostoses Is the frontal bone. 
Opitz, E. The value of 
mvyomas and functional uterine hemorrhage. 
Miinchen. med. Webnschr., Jan. 18, 1924, 
Ixxi, 76. 
The author prefers roentgen therapy to 
operation. Blood studies must be compen 
from the time of cessation of menstruation 
and not from the date of operation or ieee: 
tion. The symptoms after radiation are n 
milder than those after operation but, on the 
other hand, irradiated cases do not recover 
more slowly than those operated upon. It is 
agreed that cases not diagnosed with certainty 
should be operated upon rather than irradiated. 
Tumors of the genital adnexa, ovarial hema- 
tomas and other tumors often give the impres- 
sion of myomas. Development of malignant 
tumors is not favored by irradiation. Althou 
the operation mortality in aseptic cases is only 
I per cent, radiation therapy is recommended 
except In extreme anemic cases that can toler- 
ate no further loss of blood. The author 
not favor the retention of the ovaries 
operation. 


qaoes 


radiation therap) of 
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PERTHES. QOsteochondritis deformans 


coxae, 


Klin. Webnscbr., March 25, 1924, iii, 513- 

516. 

In the early stage of the disease, no change is 
visible roentgenologically, except the 
head on the affected side may be smaller than 
that of the unaffected. The first signs are 
circumscribed light areas in the bone shadow 
near the epiphyseal lines and later at the neck 


of the bone. The epiphyseal lines 

broken, and the head appears 

flattened. The yesultion form of the head 

usually becomes cylindrical; or it may be 

spherical, thicker than normal, and 

a very much shortened neck. 
Functionally, the outcome 


pecome 
destroyed and 
resting on 


depends on the 


form of the head. In the cylindrical form, the 
hip jornt has been transformed to a hinge joint 
with limited range of abduction; but the func- 


tion may be fairly satisfactory. It occa 

lappens that the diagnosis between 
losis coxitis and osteochondritis rem: 
ful. In that event the case 
as tuberculous COXItIS 

In Kohler’s disease of the 2d metatarsal, 
the os naviculare and Schl: itter’s disease of the 
tibial tul erosity, the cause Is assumed to be an 
internal one leading x to destruction of the 
cartilaginous joints and tearing of the vessels. 
All these diseases form a related group: deform- 
ing osteochondropathy of youth. 


sionally 

tubercu- 
ins doubt- 
treated 


Puitips, HERMAN B., and GALLAND, WALTER I. 
Roentgen ray therapy of poliomyelitis. 
J. Am. M. Ass., Chicago, June 7, 1924, 
Ixxxul, 1847-1850. 

The stimulating doses of roentgen rays were 
applied with cross-fire technique for 10 minutes 
at weekly intervals, 5 ma., 100 kv., 4 mm. Al, 
12 to 15 in. distance. 
alternately on the 
surfaces at the 
segments. 

In chronic paralysis, in which usual therapy 

improve the 

roentgenotherapy initiated 

improvement. Three such cases are cited. In 

hyperesthetic cases erect the acute 

of poliomyelitis, roentgen therapy shortened 
the period of hyperesthesi 1. Roentgen therapy 
is a safe method of stimulating the diseased 
but viable anterior hen cells of the spinal cord. 


made 
ana anterior 
involved spinal 


Exposures were 
posterior 
level of the 


ceased to muscular power, 


further definite 


stage 


Ratkoczi, N. The protection of the roentgeno- 
scopist. Klin. Webnscbr., 1] 
431. 

Personal experience and consultation with 
other roentgenologists convinced the writer 
that there is a certain internal roentgen disease 
of occupational origin. The symptoms of this 


March 4, 1924, 


am 


disease are: General fatigue, sleepiness and 
headache. To provide better protection during 
roentgenoscopy, a lead protected shield was 
built which prov ided for free manipulation of 
the screen. This protective shield can be readily 
rolled forwards or backwards, and free move- 
ment of the screen is permitted by a curtain of 
lead rubber. Following the use of this shield, 
th esymptoms ceased. 


Reiter, J. Roentgenologic demonstration of 
ascarides in the gastrointestinal tract. Wien. 
klin. Webnscbr., 1923, Xxxvi, 592. 

The writer reports 2 cases where ascarides 
have been demonstrated roentgenologically. 
In 1 case a few parasites were demonstrated 
by aid of the distinctor in the upper jejunal 
loop, and others in the ileum 15 minutes after 
the meal. The diagnosis was confirmed by 
purgation with santonin. In the second case an 
ascaris was found in the pyloric portion of the 
stomach during gastroenterostomy. 


SABERTON, C. W. S. The x-ray treatment of 


hyperthyroidism. Brit. 
12, 1924, 1, 661-6062. 


Females neal more readily than males to 
roentgen treatment for this condition. Measure- 
ment of basal metabolism is useful in the diag- 
nosis of doubtful cases and in following the 
progress. In Graves’ disease, roentgen therapy 
should be tried before surgery is resorted to. 

The following technique gives good results. 
Coolidge tube, 9-in. spark-gap, 2 mm. Al; 
applying 24 to 34 Sabouraud B as a dose to 
each side of the neck once weekly. Only one 
side of the gland is radiated at one sitting. In 


M. J., Lond., April 


true Graves’ disease, the average number of 


radiations necessary is about 25. The effect of 
radiation is cumulative, hence roentgen therap\ 
is stopped before the heart frequency reaches 
the normal. About 75 per cent of all cases 
treated were greatly improved, and about 50 
per cent lost all symptoms of hyperthyroidism. 


STEVENSON, W. 


“spring catarrh.” 
26, 1924, I 


C. Radium 

Brit. M. J., Lond., April 
748-749. 

The of conjunctival granulation 
with pavement formation did not respond to 
trachoma treatment. The everted eyelid was 
pushed through a slit in a lead sheet so that the 
rest of the eye might be protected from the 
radiation. Emanation was used from glass 
capillary tubes (practically unscreened). The 
dose averaged 6 mc-hr. per treatment, and a 
total of 150 mc-hr. was used in 10 exposures 
between January and August. The treatment 
was successful although tedious. 


treatment of 
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Wess, J. Curtis. Some experiences in and 
considerations of deep x-ray therapy. Brit. 
M. J., Lond., April 5, 1924, i, 622-624. 

Deep roentgen therapy according to the 
Erlangen technique was given in one applica- 
tion to each of 3 cases of fibromyoma with 
satisfactory results. Treatment of some inoper- 
able c: ancers has resulted in marked alleviation 
of pain and improvement of the patient’s 
general condition. In carcinoma of the cervix 
and uterus, deep roentgen therapy is to be 
preferred to surgical interference. 


Multiple myelomas of 
Surg., May, 1924, 


BERKHEISER, E. J. 
children. Arcb. 
853-881. 


The points of predilection for the tumors are 
bones with larger amounts of cancellous bone 
or red bone marrow. In children, the ends of 
the long bones are also involved. Roentgeno- 
grams reveal multiple areas of medullary 
rarefaction with varying amount of erosion of 
the cortex (from slight thinning to the presence 
of a thin shell covering or complete disappear- 
ance), which results in complete perforation 
with rather sharply punched-out margins. In 
adults, the bones are more generally involved, 
a honey-combed appearance resulting, while 1 
children the tumors become much larger. In 
adult cases with involvement of many verte- 
brae, such extreme absorption of mineral salts 
may result that the shadows of the inter- 
vertebral cartilages stand out distinctly com- 
pared with the dim outline of the vertebrae. 
In one of the children described, there was an 
involvement of segregated vertebrae, the bodies 
of which revealed diminution of density 
throughout. There was some angulation of the 
bodies forward or laterally depending on th« 
location and extent of the tumor. 


VIll, 


The roentgenograms of the 2 cases described 
a boy of 124 and a girl of 39 years) revealed 
characteristic lesions in the skull as well as in 
the other bones. The skull lesions may produce 
exophthalmias. These lesions may perforate 
the outer table; if the inner table is eroded, 
resulting Intracranial pressure may simulate 
brain tumor; if the portion over the motor 
cortex is involved, mechanical irritation may 
simulate symptoms of tuberculous meningitis. 
Therefore, roentgenograms should be taken of 
all skulls in cases simulating tuberculous 
meningitis when the organisms are not found 
in the cerebrospinal fluid. 


BLoopGcoop, JosEPpH Cott. Paget’s disease of 
the female nipple. Arch. Surg., 
vill, 461-505. 

Simple protective treatment in 2 cases with 
red, finely granular nipple and 5 cases of warts 


March, 1924, 
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resulted in cure, and demonstrate that Paget’s 
disease Is preventable. The disease is largely 


curable as shown by 20 cases which had 


peen 
operated upon. In 7 of these, there was no 
microscopic evidence of malignancy; and 13 


were malignant (3 showing metastases). When 
there was a palpable breast tumor as well as 
cancer of the nipple, the disease was found to be 
hopeless in the 3 cases observed. The « daence 
from the histories would suggest that treatment 
of the latest stage with roentgen rays, 1 im 


T 
or ultra-violet rays has little to otter. 


Cary, EBEN J. Multiple bilateral ti t 
parosteal bone and callus formatio I the 
humerus and left nnominate one \ 
March, VILL, 592-603. 

[hese o-called ( teo! Ss O I USCIC¢ - 
tions have always peen tl iced th 
origin. In the case desc ea. 7 SUCH rece ( 
pone were removed at nec ropsy. | ne 
weight was trom 5 to 450 gn , the sh De oO 
irregularly oval, rened, pvran 


quadilate I 


Corr, GERTY Che effect of v-ray 
ol vitally stained white mice. J. /| [ 
May 1, 1924, XXXIX, 039-043 
An area 1 i.e on the leit 
+} | 
the back OT each a i Was Irradl 
Nelly-Inoett apparat th a Coolidg 
4 ma., 95 kv., 2.5 mm. Al, skin-target distance 
22 cm. [he control mice were similalr I te 
but did not receive prior subcutaneous ec- 
tions ol trypan blue. [he spontaneous « ) tIO! 
dose for the normal mouse Is 50 to 60 minutes 
with the radiation combination described 


above. In mice injected with trypan e the 
interval between Irradiation and occurrence 

epilation is shorter tha 
The amount of roentgen radiation < 
spontaneous epilation in the white Ise 


+ 
CONTrO! ils. 


corresponds to 4 to 5 human erythema S¢ 
CuT.Ler,* Ettiorr C. Congenital « 

the diaphragm. Arch. Surg., March, 1924, 

Vill, 506-523. 

A report is given of a case occurring og. 
[here was no history of severe trauma. The 
lesions were in the right anterior portion and 
were probably due to failure of normal develop- 
ment. Because of an early defect in the thoraco- 
abdominal partition the liver pushed through 
into the thorax, bending into this cavity the 
edge of the transverse septum and thereby 
impeding both progressive completion of the 
diaphragm through growth of those portions 
derived from pleuro-peritoneal membrane and 
body wall, as well as interfering with the final 
growth of the pleuropericardial membrane. 

The roentgen ray is the chief reliance in 
diagnosing this condition during life. Special 
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emphasis should be pl iced on following out the 
limits and action of the diaphragm and on any 
displacement of the heart. 


ENGELBACH, and McMaAHon, ALPHONSE. 
Osseous development in endocrine disorders. 
Radiology, June, 1924, ti, 378-410. 


+ 


[hese extensive studies undertake to show 


the normal osseous deve iopment In the various 
ages trom I to 25 years d iring Sskelet growth, 


and the variations from this norn different 
| are Give to 
the roentgenologist In making 


| | 
development at the difierent ages up to 25 


endocrine disorders. 


osseous 


vears. 
Che roentgenologi OSSCOUS ons ol endo- 
crinopatny may turn out to e of ! ie value 


so-called 
tions. Retard- 
ion of development oi all the bones, not only 


I 
Tl 


ne carpais, In uncomplicated 


than the basal metabolism ar other 


and laborato1 deter! 


pothvroid- 


m can be demonst1 ted roentgenologically 

all ages up to that of complet normal 

keletal growth. 

Hypogonadism and eunuchoidis show a 
definite !ate fusion of the epiphyses of the long 
pones. [his late closure I the presence of an 

ctive hormone from the interior lope ol the 
ypophysis explains the overgrowth of the long 
pones in such cases. 

In anterior lobe pituitary insufficiencv in 
whic h there IS also a secondary aeticiens of the 
generative organs, vas found a late 
closure of the epiphyseal ends of the long bones 


associated with undergrowth of these bones. 
The undergrowth is due to absence of the 
ypophy seal hormor 

In the pluriglandu r svndrome, the devel- 
opment of the osseous system is difficult to 
interpret. It appears that in the thyropituitary 
disorder there is an advance of the carpal and 
long bone nuclei development over that of pure 
pituitary 
pituitary-thyroidism there is 
retardation in the appearance of the osseous 
nuclei as well as in fusion of the epiphvseal ends 
of the long bones, more marked than in pure 
hypothyroidism or in the normal. The markedly 
heterogeneous pictures presented multi- 
glandular syndromes will depend upon the 
sequence in which the various disorders were 
superimposed upon each other. 


r+} 


| T 
hypothyroidism unassociated w 


disorder. In 


In pubertas precox (suspected pinealism) 
extraordinary advancement in development of 
the bone nuclei and early fusion of the epi- 
physeal lines were found. Thymo-lymphatism 
presented much the same osseous retardation 
as mild hypothyroidism. The osseous develop- 
ment in enlarged thymus should be studied 
further. 
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The paper is profusely and instructively 
illustrated. 


Fossier, A. E. Relative value of percussion and 
x-ray in cardiology. N. Orl. M. er S. J., 
June, 1924, Ixxvi, 537-541. 

The roentgen ray does not provide a basis 
on which to determine the normality of the 
heart size. The normal heart size of the roent- 
genologists is very much greater than that 
determined by the anatomists, and_ this 
difference has not been explained. 

The roentgen ray at best is of limited applica- 
bility in cardiac diagnosis because of indefinite- 
ness of the pictures, variability and limited 
scope. It is pointed out that accurate percussion 
possesses decided advantages in the delineation 
of the whole heart and in the exclusion of peri- 
cardial appendages, fat and foreign structures. 


KLEINBERG, SAMUEL. Pneumarthrosis as a 
diagnostic aid. Arch. Surg., May, 1924, viii, 
827-830. 

The case described illustrates the simple 
procedure in performing pneumarthtosis, and 
its aid in establishing diagnosis and determin- 
ing proper therapy. 

The roentgen shadow of a semilunar cartilage 
adherent to the tibia is normally tndistinguish- 
able. In the anteroposterior roentgenogram of 
the knee, a clear space is visible between tibia 
and femur. If the cartilage, loosened by injury, 
is lifted up and away from the tibia, its shadow, 
though not so dense as that of the subjacent 
bone will be recognizable. This is accomplished 
by injection of oxygen into the joint. Usual 
aseptic precautions are observed in the gas 
injection. Oxygen is allowed to flow into the 
joint for 3 to 5 minutes until all hollows and 
markings about the joint are obliterated, and 
there is moderate swelling. Deflation is not 
attempted, the gas being absorbed within a 
day or two. 


MacRae, Joun D. The lungs of tuberculous 
children. Radiology, June, 1924, il, 419-423. 
Non-tuberculous lymph-adenopathy may 

present the same roentgenographic appearance 
as the tuberculous variety. Bone destruction 
whether tuberculous or not, induces greater 
calcification in the hilum lymph nodes. There- 
fore, its presence is not necessarily evidence of 
obsolete or arrested tuberculosis. Tuberculous 
disease must not be diagnosed on roentgen-ray 
evidence alone. It is absolutely necessary to 
correlate the results with physical examination 
and history. 


MeENVILLE, Leon J. The value of the roentgen 
ray in the diagnosis of gall stones. N. Orl. 
M. & S. J., June, 1924, Ixxvi, 542-544. 


Abstracts of Roentgen and Radium Literature 


The roentgen ray is of value in the diagnosis 
of gall stones. Thirty to 40 > gs cent of the cases 
can be thus diagnosed. negative roentgen 
diagnosis may be due to ms easy penetrability 
of certain varieties of stones. Calculi of choles- 
terol alone or mixed with calcium bilirubinat« 
produce very faint or no shadows. Carbonate 
and phosphate stones are denser to the roent- 
gen rays and cast better shadows. 


Myers, W. A. Cervical rib. Report of seven 
cases, one operated. J. Missouri M. Ass., 
St. Louis, May 1924, xxi, 146-151. 

Two of the cases were discovered in routine 
roentgen-ray examination of the chest. Ther« 
were 3 cases of well-developed cervical ribs 
bilaterally; one well developed on one side wit! 
“buttress” rib opposite; one well developed 
with its mate rudimentary and fused with thx 
deformed first; one well developed with no 
evidence of its twin opposite; while one cas¢ 
showing diminutive ribs bilaterally was the 
only one that developed symptoms demanding 
operation. 

Seventh cervical rib, which is of congenital 
origin, may be responsible for a variety 
symptoms referable to pressure on the nerv« 
and vessels of that region. Diagnosis is aided b 
the roentgen ray; but there is a class of cas 
with the “‘cervical rib syndrome”’ but with no 
demonstrable rib by the roentgen ray. More- 
over, the symptoms are not definitely com- 
mensurable with the size of the supernumerary 
ribs. Prognosis is dependent on early and 
accurate diagnosis. Operative excision is the 
only method of treatment in severe cases, but 
the results are not always successful. 
YOouMANS, JOHN B., and MERRILL, E. Forrest. 

Calcification of the pericardium. J. Am. M. 

Ass., Chicago, June 7, 1924, Ixxxii, 1833 

1535. 

Except for a small proportion of cases of 
rheumatic origin, most of the cases of calcified 
pericardium are of a similar nature and 
etiology. They are essentially cases of poly- 
serositis, probably of adv: inced stage, and 
tuberculous origin. 


During life, this condition can be discovered 
only by means of the roentgen ray. In the case 
described, careful roentgenoscopy disclosed 
relatively thin shadow of lime density along 
the lower margin and apex of the heart. These 
calcification shadows were patchy in appear- 
ance, rather than of uniform density; - and they 
were confined to the ventricular areas. The 
most prominent area of calcification was on 
the posterior and inferior surface of the left 
aspect of the cardiac outline with irregular 
projections of calcium deposits scattered over 
the ventricular pericardium. 
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